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V 


"STTFIT^S  CJT  LACTIC   JCIB  TTra^fTATION", 

This  thesis  involves  tViree  'iatlnot  studies  on  "l.ctic  acid 
feraentatlon,  a  process  cf  rreat  importsincp  in  apricjlture  fnd 
in  ether  solences.     These  studies,  while  ;U3tinct  entities, 
«re  inti-afitely  relsted.    7"aoh  aturly  represents  the  pursuit  of 
a  iefinite  cYj-'ct  or  purpose;   the  -^ttalniaent  of  the  ntject  of 
each  of  the  stu-lies  represents  a  contribution  to  questions 
involved  in  the  purposes  of  the  other  v:arta  of  the  thesis. 

The  purposes  of  the  thesis  are  the  l"a3ls  of  its  di  l.iion 
into  the  foUowinr  three  orrts:- 
Ps-rt  I  . 

"A  RHVITJ  OF  rm  ZITmAVmi  or  "lactic  AGTT)  Fra^T"N"TATION", 
The  "leview  ?f  the  T.iterat  jre  of  Lactic  Aci  ^  Fer  mentation" 
renreoents  an  atte-npt  to  cilT'ct  an'',  aystemati 7.e  the  extensive 
lltf^rnturo  wvich  '  ss  heen  contrihuted  in  t^se  various  fields  in 
which  this  ferraentn tl on  asauues  importance. 

In  tlA^  review,  s  nuaber  of  interesting  and  iuiportant 
questions  hpcome  evident,  i.nd  ftimiah  the  basis  of  the  remainder 
cf  the  thesis. 

Part  II . 

"A  STUDY  T  '  lACr^l  OF  TH"  STH^PTOI'^CCI  C"  T)AIHY 

LACTIC  ACn  ATICX3,  '.?ITB  -IV^lAl   mTF.^Z  X}l  TO 

THS  mTi3F.r.r  status  cf  the  acCAii^n  3?ni:pTr  •coccus 

LACTinUS  GnODP"  . 
The  "'5tudy  of  the  Chnracters  of  the  3tre7>to -occi  of  Tai  ry 
iRCtie  .'cid  Fer-Bf  ntatio  :s"  oonaiats  of  &n  investigation  of  the 
VRlue  o-f"  t,he  different  ohr. meters  whicV-  h've  been  used  to 
descrive  t>-e  Ivctic  s^.r^^pt'^coc  i  of  so'ir  milV.     Tliis  iT-^up  of 


■licrofirpanisms  includes  lactic  acid  V.acteria  which  are  of 
t)«cuTirir  i  n-Dortance  in  n srriculturnl  lactic  fern-^ntation .  Tlie 
relation  of  t.sig  w-r-t.  of  the  thesis  to  P-rt  I  In  evident. 
Tart  TIT . 

"A  C'Ci.^ATT 'r^.   j?"DY  Oy  T)IFT?'«NT  OP  3TREPTCC0CCI , 

HTH  3PT!;CIA.L  R'^r-^'^^M"'!?  TO  TH^  Pl-^PTOLYTIC  ACTIVITY  OP 
•n-n?  LACTIC  (Ti^nTJP". 

Tlie  "Ce-cij?ttratiTe  3tu'1y  of  "different  Typoa  of  ?trc-ptococci " 
has  to  10  *lt!i       iati;Ti- te  coripsriaon  of  the  luetic  streptococci 
.fith  other  tywa  of  gtreptococci  .     These  other  t:A>e?5  of 
streptococ-r^i  are  slao  1:.ctic  acid  "bacteria,  and  -  re  closely 
relater^   tc  the  lactic  type  of  eour  mi!k.    Thus,   this  at'idy  is 
directly  related  to  Inrts  I  -and  II. 

P-rt  HI   13  vUvided  into  tso  aeotio  13,    jpon  the  casia  of  tiae 
follo.vlnr  pu-poc9-3  of  this      rt  cf  tre  tv^.eois: 
3ecti  on  A  , 

"t-  toTipariaon  of  the  Helative  Influence  of 
T?nvi  ronnfintel  Ccn  litiona  upon  the  Life  Procf;33es  of 
"nifferent  Types  of  Ttreotncocci 

3ectlon  ^, 

"A  C'>?nT.sri  son  of  t\e  Peptolytic  Activity  of 
Di  f  "<»rent  Tyrti^s  of  3+,reptocoaci  ,   vit'-.  Toscial 
Heferenoe  to  the  Lsetic  ':!roup'!. 


FAST  I 


Of  lACTIC  ACID  fSS^BTATIOSI 


Tho  follonins  ist^tt^^ant  of  ths  pnirpo««t  MOtw*  «n«  fit«n«ra.l  m9t7ic>  or  'T««i«n««<» 
tion  of  this  p^rt  of  tha  t>i»«i<>  ar«  ottmraA       thia  pl-^o*,  not  n«  <tn  Intrudnatloit, 
imt  *«  ■m  flx-^'l  in^itlon  of  ««rt»vln  qHO  'tlonn  th'it  fmy  irl«<»  In  thu  r«'»i<iir'« 

ulnS  npm  i>n^ly»%n  of  th«  tj«t  of"  th«  itr^mmisrlrt. 

'r)'!il>f  I'svltii'  of  thm  lli',i9r«t,t«r«  of  lAotio  tei)  fsrnontt^tion        •ii|CM''t4>l  to  bm 
Dr,  MftrKthall,  &n  tha  wint'^r  of  1918^    XI  ««*  hoiimi  Hi  tlvNt  tt^^ts  mlth  tha  objvot 
of  aol  lasting  tht>  orl>Tln»l  lii«rat«ro  on  thla  fer^v«nt«tion        m^ing  it  <Mo«st!lMo 
to  ^tu?«mt»  In  a";riowltttr«l  <sii^  j^onor^l  mlcrobltlo        In  ths  oellootlcm  of  rait«rl*l,3n./ 
In  its  %rrarfcg»»«nt »  th*  att«»ipt  !»*•  bssm  m4«  to  rtt  tho  r«TlaN  for  '  r  - 

enoo  oo^roc  for  th»  nttxlont  in  f(f<narf(l  niorotoioloi^i  Mil  clso  to     carta Iri  ^txtani  tor 
tho  'itlv»noodiitTfi«mt  in  ep-iolil  fl«ld«  in  'hiih  1  otie         f »m»»nt »t ion  <vB'iiir>«io  im* 

T^>.lf  r"'vlsw  >t  B  atf  «»Apto-.i  to  oovsr  in  a  f»ii"ly  ooeupioto  ainnrsor  th«  lltar»tw«  on 
l{«tl0  aoi^  f«t?(»nt»llon»    T5u«  t*i  th*  o  itanslM  boun,1<uri9a  of  thle  formantrition  rrooo»«t 
it  ha«  boon  n«iqoo,!ary  to  lisatt  tli«  fioldlN  ecvar*.!  In  thl  r.    T       "erpt  haa  b«*n 

ia  to  oon«»entrata  fehs  rarla*  virvn  tha  r.mmtaI  funAa'.-iant  -l'--  o'  t  o  i  i-s-aso'  of  tha  pro- 
luatlon  of  Ittsiifl  •ciit  tiy  nieroortmla^ *    lha  'r«etie»l  *r'li«at'.onr  of  tha  ra«otlon 
»ra  atjiigoatad  r»t»«W  thw*  da^ino'J.    In  a:  Ition  to  tha  «r,iaeion  o'     Tinita  (llpowiflona 

<"  tha  iniusiri^l  ao- U-3*tionf  of  thj  f«rT«ant»tlon,  tha  foU^'in*^  aijbjaota  «r«  eaiitai. 
T  )  vnl*«ry  flasi*  liy^lanta  pal  itienti  of  tha  oolon-typhold  crmv  of  b*otarl»  h»»a  lal  to 
thfl  to-^aloi^iant  o^  a  ''aflnlta  lltwrmturo  fialA,  in  «hl«h  tho  l«9tte  ('arraantation  ral*» 
ti«(i8  of  than*  b««toria  ours  la^rtftni.  ^.f>  qaaation  of  iha  uaa  of  rarmanta'i  mil'«A  ho 
thi«rap9?>tl«  or  prarhyl-telio  »gent«  hfii  »lf0  I     to  *n  »stan«l*a  lltaratT^ra  in  »Moh,  - 

aR*ir.,  eihsr  ({Tiattienv  lowinsta  theaa  Involvad  in  tha  far'«mt*tifin  itaalf.  4'''*^" 
^  5*  bfl«n  r'!i»i»''.a  I  bjr  *  nombar  of  «nthora,  p»o«»itly  by  2tott«ar  *n1  Chariiin.}    Tha  Xit- 
'r  it  ira  on  tha  prodtiotion  of  laetie  *oli  by  wioiskl  ti.s-ua,  .wl  t!'«  rola  of  iwotie 

4cl  ■  In  *»\i-   1      ti'  oH  -    '.n'  in    -r-^r  1  -n'.'--  I  iTiv  l-^lf."y,  't,rn  rot  lnqlv1«d  in  tM»  r^iew- 


All  of  th«<i«  »r»  fi«l4«  «Moh  &r«  ioor«  or  las*  i<ir*«el<^lls»4  «vil    'ita'-'  h  x'-       n  r«- 

harebs'sn  Inoltt'iad  th«  history  anJ  ehsslntry       th»  laotle  aoll  f»m«nt«tlon 
tlon,  th8  lectio  ael  !  biatarln  as  t!ia  miaroM-l  swi«nt«  of  th<»  rro«»B",  th«  Inati- 
".nti*  of  tha  •nTlroniBsnt  Bi«m  tha  ^gsnto  of  th«  farasnt^tlon,  nv'.  th«  pradtMStn  c  <■ 
th«  rsaoUon.   tJn^er  ttw  I  v;t  swjtlom  I  topic,  eon«5liartibl«  amnhnn^lft  has  fc*«n  i»it 
Hjjen  tha  0h«»tr<try  of  I^ust&e  aolA  It^tslf,  ^j-  »  tamna  of  asMp»-l  Inr;  to  tha  nttxlant 
t*)nt  miorobl-il  lictie  *«lt1  famantatlon  I :  »*i»antli*lly  i  oh<^mle-Al  ra(wj?lon  In  which 
Inn  .t  the  iaoi'«  rro*»ln«nt  ^sraliiot's  are  clearly  lafln^l  ehiRalaa  ftnb^tts.maa, 
Tha  g«»r>«ri.l  m^t^JO-J  of  iirafi«nt«ti<m  of  the  text  roqalroK  th»  folio ax  l  w- 
:^tlone.    A  i!j:8j«ir*l  cratllna  of  tha  sabjaot  Is  prao^ntal  In  j»hlch  tha  r4»l-*«  l  i- 
vlilad  into  ntoa  htrndlnf^'^  or  fliMBter"!.    Tha  whol  n  r-^vlaw  if-.  tli«n  praaantad  with  tha 
■sttampt  to  rsjsko  anah  of  *h««»  ehaptara  a  taoro  or  lass  In.^ ar>an lant  llm  In  tha  lo^ioal 
iavslopmsnt  of  tha  subjaot  .vho\.,.    Than,  for  s  ah  of  tha  •h»svt  •  lioi  wi« 

or  orutllna  l*  rr^ssmtai.    All  o?*  t>!a  atatarlil  In  ttw  lltar^t  ra  >»hl(ril  woul"  ba 
Inol  194  In  »voh  ^ihaptar  la  wenantoit  tmJar  tha  tlffe-ant  ^o*flln«a    n-1  anbhawlltlga 
tha  ehqpt^r  an«ly.l<5.    &s  «  cHiaBlt,  tlM  atnia  article  fi?*y  f,i»  ravi^wa'?  in  »  nwnbay  01'  tha 
sranft  ehaptarst  bnt  from  tlffarsnt  a«paot».    yt  •■■;%%  thla  flMth9>t  w»«  tn  ba 

r'»rrad  to  tha  Introshietlon  of  a  layntam  of  oroaw  r-^farancaa. 
In  ka*pln^^  with  tha  «tta'!f>t  to  «»lrttal«  tha  inta  rity  of  th<»  Indlvt^l  eh^*T>t«rn, 
ttsa  rafaranaaa  quotwt  In  ths  taxt  wej    rasanial  at  tha  and  of  aaoh  ohiptar  •«  author- 
Jty  '  r  t  ^    t  taeaanta  rmSi.**    Tlia  Anthor-stibjaat    Ibllojtn  )qr  Is  ^raa<fnt«<t  at  tha  and 
ta  4l»lBlon,    ^.t  lnal«^«a  pr^t^onlly  900  t^Qbllchad  nriloies  on  IxoMc  «oli 
=M*.i  t«ietle  «Qt'  far'Witiition.    Of  thaan,  six  hwulrad        QUOtiKl  In  tha  text.  Tha«a 
>    M«ant  pafareneaa  obtalnai  befora  Mf^y  I,  ICSl,  th<s  tlma  of  ooa?r.l"tlon  of  tha  taxt 
■nsaorlpt.    'Shn  r~-i-\  of  tha  blkl icffr«^)^y  eonnlnta  of  r'jfaranoaa  c>'.t«lna4  ■iarlwr  tha 
P*«t  y»ar.    Ifnlaaa  a»vk«]  afchajw  aa,  tha«o  mf^r'^nega  hatre  baan  r-^trlfwwl  m\  «wt«rl«I 
ln<l«sad  for  Inoloi^lon  in  tha  ta»t  i  '  *  rartw-s  I  aapy  la  laairad  at  n  r^ifira  1^ 


rittofvpt  ti  .f  b.im  E)  t«  io  cottib  ':ho  lltoratnr«  for  i  to' blkllogr^hy  of 
ir'ly  aiUt\  Mfar«nc»s,  y^ni  th«  lltarkt'ira  h'Mi  b9«n  thorottjB(}ay  r<»vi«*»«d  only 
froffl. Ifill  to  If 81,  OolJeotiona  of  ario>  o'  tb»  oldtar  litsr^t'T*  o**  tli«  rorlod 
frffn  ISflO  to  IPIO  h  v«  boon  In  varloriB  0«r!»n  h»nlbo«kn  nnl  In  a  WMatiKr 
rf  ■J?*}\r««b«rloht«".  Littla  *tnilil  b*  ^-ilnd  by  tha  tneluslon  o'  the  -  r-''<r« 
snufls  «nla««  C  n«f' lol-wit  l.-:t>  -t»no»  to  aotually  roTl«w«d  in  Iha  r 
Con«ll«r»&le  Work  hv»  b«tm  ap^nt  In  obt»tnlni5  oriTinnl  rtlol«.'«  o*  hlpitorln  il 
intarst  t» 

In  connsotion  »lth  thlB  rwW  or  Ptrt  I  o    agr  tharln,  1  wl  .h  to  «xor«in 
my  WPraol  tlor)  to  t.h«  rollowtnijt:  to  Dr.  C,       KKfoh-^l I ,  for  tha  Initial  aiutgieUoa 
of  t>v%  work  i»nS  f»p  h\«!  oara^II  'Ir^'itaklns  r^»l*»  of  tba  QOnrolata  m-.niMcrl 'tj 

t-  'Ir.  Conr'-ia  R.  Llobar,  for  thyir«>«irin)?  o'  -^.H  *r  th«  eh^rtn  -tnt  fl«mr*"{  t'  Mr. 
CMiri  »    Oreeii,  'or  hli  ao  rt«f»y  in  obt'Mnln-'     mm>  «r  of  ref«r«nc«ni  not  -j-o^aa^lbio  in 
tha  llbr»r7» 
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HISTOHY  OP  DEYBIOPMEHT  OF  UraCRPRETATION  OF  LACTIC 
ACID  EERIEHTATIOH* 

I.    Barliest  Obserratlons  of  Laetie  Aeld  fermentation. 

Lactic  aoid  fermentation  was  probably 
the  first  fenasntatlon  procesa  to  be  observed  by 
man.    In  the  earlier  noiaadio  life,  the  alteration 
and  souring  of  the  ailk  of  their  flocks  U5>on  stand- 
ing in  the  erude  resaels  and  bags  must  hare  puzzled 
tte  priraitiTC  races.    Since  all  other  feraentations 
would  desEuad  a  aore  settled  state  of  liring  and  the 
attainnaent  of  a  higher  degree  of  skill,  it  may  be 
assumed  that  lactic  adid  fermentation  was  the  first 
fermentation  process  entering  into  the  dooostie 
eeonoBQr  of  laan.  (Lafar,  p.  170) 

In  spite  of  the  fact  that  lactic  aoid 
fermentation  was  probably  the  first  fermentation 
process  to  be  brought  to  man's  attention,  it  was 
one  of  the  last  fermentations  to  be  correctly  in- 
terpreted. It  was  1780  before  the  chief  product 
of  the  process  was  disooTered  and  not  until  much 
later  was  it  recognised  as  the  product  of  a  par- 
ticular fermentation. 


*  Haturally,  a  ccniplete  discussion  of 
the  early  history  of  our  knowledge  of  lactic  acid 
fermentation  would  be  coneemed  most  intimately 
with  the  controversy  over  the  theory  of  spontan- 
eous generation,  and  with  the  establishment  of  the 
germ  theory  of  fermentation.    Such  a  treatmsat  is 


Bxiring  the  period  when  so  nany  Izrrestl- 
gators  were  using  the  micro  Mope  in  exaoining  Tari> 
oufl  st^stancea  for  the  presenoe  of  "infusoria", 
Andry  (in  1701)  reported  an  ohaerration  of  living 
organisms  in  sour  aillc.    This  Inreatigation,  toaw- 
ever,  was  tinproductiTe . 

II.    Chemical  Interpretation. 

The  fenaentaiion  theories  of  Caigoard 
Latour  and  Sutzing  were  not  soon  applied  to  laetle 
eeid  fenaentation,  and  for  a  long  tiiae  i3ae  purely 
chesiieal  theories  doiainated  in  the  interpretation 
of  this  process.    In  1833  Pelouse  and  Gay-Luasac 
carried  out  the  first  complete  inrestigation  of 
the  souring  of  ailk.    Freoy  and  Boutron  carried 
out  experiments  upon  the  aetlon  of  aniiaal  laembranes 
upon  sugar  solutions.    As  a  result  of  this  work, 
under  the  influence  of  Liehig's  fertaentation  theory, 
ttey  concluded  that  the  albiutin  substance  of  the 
anintBl  aeabrane  acted  as  the  "fement"  which  pro- 
duced the  changes  in  the  laedia. 

From  later  experioente  Frenzy  and  Boutron- 
Chalard  (1641)  oaiae  to  the  conclusion  that  this 
action  ims  not  confined  to  aniiaal  ow^ranes  alone. 
"All  the  organized  matter  of  vegetable  or  aniaal 
origin,  after  being  exposed  to  the  air  for  sone  tine, 
are  able  to  change  neutral  substances  into  lactic 


aeid."    They  carried  out  experimentB  on  the  for- 
nation  of  lactic  acid  from  different  sources,  tboae 
particularly  of  interest  here  beinpr  the  lactic  aeid 
f enaentations  of  regetables  and  of  ailk.    In  the 
latter  case,  they  beliered  casein"*  to  be  the  "true 
fement  of  the  milk  sugar,  or  at  least  that  casein 
Is  to  milk  sugar,  what  beer  ysast  is  to  cane  sugar.* 
They  recognized  the  fact  that  tbelr  "ferments"  could 
cause  the  production  of  other  substances  than  lactic 
add,  but  attributed  that  to  a  eticccssive  alteration 
of  the  fennont.    In  spito  of  their  chemical  inter- 
pretation, their  conclusions  mark  a  step  in  adranoe 
in  that  they  believed  "that  this  aeid  (lactic  acid) 
is  not  merely  one  of  the  products  of  a  complex  fenatn- 
tatlon,  but  that  it  is  indeed  the  reaitlt  of  a  special 
fexioent  to  which  ve  giTe  the  naas  'fenasntation  lao- 
tique* 

Ilowlandson,  1852,  under  the  influence  of  the 
Liebig,  and  especially  of  the  Ray-Lussao  theory,  de- 
fined the  conversion  of  lactose  into  lactic  acid  as 
an  oxidation  process.    He  went  so  far  as  to  cl<-.im 
that  milk  obtained  from  a  cow  that  had  been  running 
about  and,  therefore  breathing  rapidly,  would  sour  with 
unusual  rapidity. 

The  chemical  theories  were  mieh  strengthen- 
ed in  their  application  to  lactic  acid  fermentation. 


*  As  late  as  1889,  Fokker  attempted  to  estab- 
lish that  casein  was  the  cause  of  lactic  acid  fermenta- 
tion of  milk. 


due  to  the  difficulty  of  rendering  alllc  sterile,  as 
experienced  by  3chrSder  and  Ton  Dusoh,  (1854,  1859), 
vher.  this  isedium  vas  used  ty  the  opponents  of  the 
theory  of  spontaBSoua  generation. 

III.    ilierohial  Interpretation. 

The  interpret&tlon  of  laotle  acid  feraan* 
tatlon  as  heing  due  to  the  vital  aetiTity  of  niiero- 
organ! ama  was  delayed  because  of  the  reasons  nen- 
tioned,  and  still  further  because  the  micro-organ- 
isT38  coneezned  were  not  so  evident  as  the  "aother" 
of  vinegar,  the  yeast  of  beer,  and  the  "infusoria" 
of  putrefaction  and  decay.    Long  after  the  ob ser- 
rations of  Andry  nwntioned  above,  Blondeau,  1847, 
observed  micro- organisms  in  sour  milk.    Heither  of 
the  tfo  types  he  diotinguiahed  are  concerned  in 
lactic  aeid  feraentation,  although  he  considered 
one  of  them  as  an  agent  of  that  process.  Turpin*8 
(18S7)  investigation  of  the  bacteria  in  milk  did 
not  yield  any  knowledge  of  the  lactic  acid  bacteria. 

Somewhat  later,  a  worlcing  basis  was  estab- 
lished for  the  proof  of  the  role  of  micro-organisms 
in  lactic  acid  fennntation,  by  the  researches  of 
Pasteur,  who  rendered  milk  sterile  by  heating  it 
above  100® . 

He  proved  that  lactic  acid  fenaentation 
is  the  result  of  the  action  of  aioro- organisms,  by 
inducing  that  fermentation  in  sterile  milk  by  in- 
oculation with  his  lactic  •ferjaent".    His  work  also 


esta'blished  that  lactic  aold  feraentatien  is  a 
•peeiflc  proeeas,  distinot  from  aiooholie  and 
other  fermentations,  by  proTing  that  hie  laotie 
acid  "yeast"  alvays  set  up  lactic  acid  fenaenta- 
tion  in  Btigar  media,  while  the  alcoholic  "fenaont" 
under  like  conditions,  caused  alcoholic  fermenta- 
tion.   This  marks  tlie  establiahoent  of  the  appli- 
cability to  lactic  acid  fermentation  of  K{ltsing*s 
theory  of  specific  ferments;  it  was  proof  that 
lactic  acid  fermentation  is  due  to  the  life  pro- 
cesses of  oertaln  micro-organisms. 

The  obserrationa  of  Boutroux,  Pirotta, 
and  Vandevelde,  on  the  bacteria  responsible  for 
this  fermentation  were  of  but  little  Talue,  as 
their  organisma  were  not  lactic  acid  bacteria. 

zy.    Isolation  of  Lactic  Acid  Bacteria  as 
Agents  of  Important  Lactic  Acid 
Fermentations . 

It  remained  to  be  established  Just 

what  particular  micro- organisma  acted  as  agents 

of  lactic  acid  fermentation.    Without  detracting 

in  the  least  from  the  ralue  of  Pasteur's  work,  it 

is  hardly  possible  that  his  lactic  "yeast"  was  a 

pure  culture,  as  no  means  of  iaolatlon  of  species 

had  been  attained  in  bacteriologic  technique. 


Lister,  1873,  bad  obtained  an  organiso  from  sour 
Bilk,  which,  when  inoculated  into  sterile  lailk, 
produced  lactic  acid,  but  the  organism  was  pro- 
bably a  mixture  of  way  species.    Later,  1878,  tas 
published  a  description  of  a  bacterium  isolated 
froK  sour  milk  by  bis  dilution  netbod.  Possibly 
this  was  a  ptzre  culture. 

Hueppe,  1884,  by  use  of  Koeh*s  plate 
method,  isolated  from  sour  milk  the  first  lactic 
organism  known  definitely  to  b«  a  pure  culture .  In 
his  description  of  this  organism,  he  proposed  the 
nmat  B.  acidi  laeticl.    He  claimed  it  to  be  the 
usual  aprent  of  lactic  acid  fermentation  in  milk. 
The  acceptance  of  this  assionption  by  many  inves- 
tigators had  rather  a  harmful  effect  on  the  early 
microbial  interpretation  of  lactic  acid  fermenta- 
tion, as  it  led  not  only  to  a  confusion  in  the 
nomenclature  of  lactic  acid  bacteria,  but  led  al- 
so to  a  faulty  conception  of  the  lactic  acid  fermen- 
tation process  itself.    Hueppe'a  organism  is  pro- 
bably identical  with  the  S.  laetis  aerogenes  iso- 
lated by  Hsoherieh  (1885}  from  the  stools  of  an 
infant.* 

Leichmann,  in  1894,  Ounther  and  Thier- 
f elder,  in  1895.  Ssten.  in  1896,  possibly  also 


•  See  "Acid  Gas  Group"  tinder  Lactic 
Acid  Bacteria. 


Beyer,  in  1686,  (ref.  listen),  were  saore  forttm&te 
in  the  or^nisiaa  they  isolated .    Gunther  and  Thier- 
f elder,  and  also  Eaten,  although  it  is  evident 
froiQ  their  descriptions  that  their  organisms  were 
distinctly  different  from  B.  aoidi  lactioi,  be- 
lieved them  identical  with  Hueppe*8  haoillus. 
Leichimnn,  however,  distingfuished  his  culture 
from  that  of  Hueppe  and  named  it,  perhaps  vn~ 
wisely,  B.  lactlA  acidl,**    This  was  a  distinct 
step  in  advance  - —  there  had  now  been  obtained 
in  pure  culture  the  ranst  eoaraon  a^ent  of  agricultu- 
ral lactic  acid  fementation.    Following  this,  a 
great  number  of  species  of  lactic  acid  bacteria 
were  isolated  (ref,  to  literature:  Lafar,  Eacaer- 
ling) .    The  worlc  of  Conn  and  Katen  stands  out 
prominently  in  the  later  part  of  this  period. 

Probably  the  oost  valuable  of  the  early 
worlc  in  lactic  acid  fermentation  was  done  in  inves- 
tigations of  natural  fenaentations  of  milk.  Fur- 
ther research,  yielding  definite  knowledge  concern- 
ing the  lactic  acid  fenaentation  of  various  milk 


»♦  Probably  identical  with  Strep,  laoti- 
0U8  irruae.  See  "otrep.  tBctleua  Group"  under  Lac- 
tic Acid  Bacteria. 


products  soon  followed.    Investigations  in  the 
alcoholic  fenaentations  industries  were  further 
advanced  and  contributed  much  valuable  knovledge 
concerning  the  lactic  aoid  bacteria  found  in  the 
brevery  and  distillery.    Marpinann,  in  1886.  had 
stiidied  lactic  acid  fermentation  of  fermented  plant 
products,  but  not  xmtil  several  years  after  the  es- 
tabliahnent  of  the  lactic  aoid  fermentation  of  ailk, 
were  the  ladtic  fenaentations  of  these  products  ex- 
tensively studied  by  Conrad  (1897),  Aderhold  (1899), 
and  others. 
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0Fn5!ICftL  CHAHOKS  wniVm  W  LACTIC  ACID 
fBMSRtATIQN. 


CHBMICAL  CHAIJOBS  IFVOLVM)  IS  LACTIC  ACID  lEHHSNTATION 


Z.    Traaafe»aatlon  ©f  Matter. 

1«    Seasral  diseuaaion  of  obangas  inTolrad. 

a.  Bmpirieal  foxaolaa. 

1>.  Diriaion  of  laotle  aoid  fesuentatieaa 
upon  ehaaioal  baaia . 

2.  Changaa  laTolTOd  in  "true"  laetlo  aoid 

f  ennantation , 

a.  Hexoaea. 

(1)  Temporary  entremee  of  water 

nulecules . 

(2)  Migration  of  atonia. 

h.  Foljraaooharoaea  (yielding  hexoaea). 

3.  Changes  inTolred  in  "mlxad"  laotio 

aeid  f emientationa . 

a.  "Aoid  gaa"  fermentation  of  hexoaea. 

(1)  Stmetural  explanationa . 

(2)  Simultaneous  reaotiona . 

t,  Othar  "nlacad"  laotio  aoid  fenaen- 
tationa  of  hexoaea . 

0.  "Aoid  gt^e"  fenotntation  of  sAnnitel. 

d.  Fermentation  of  peateaaa. 

4.  Role  of  Intermediate  aubatanoea. 

a.  Introduotion. 

h.  Bsyer'a  anhydride  theory. 

o.  Trioees  as  prohable  intermediate 
Bubstanoea. 

d.  Intermediate  aubstancea  in  "mixed" 
laotic  acid  fermentations. 


Energy  Change a  Involved  in  Lactic  Acid 
Pernentatlon . 

1.    Thermodynamics  of  lactic  acid  fermentation. 

a.  Source  of  energy  required. 

h  .  Energy  yielded  in  lactic  acid 
fermentation . 


2.    Chemical  nature  of  the  fermentation  proe«««. 

a.  Rearrangement  of  matter  and  of  energy 

involved  in  the  reaction. 

b.  Comparison  of  oxidation  and  fermenta- 

tion . 

(1)  "Intramolecular  oxidation." 

Simultaneous  oxidation  and 

reduction. 
Part  of  energy  alaeorhed  in 

products . 

(2)  Degree  of  completeness  of 

energy  transformation. 


3.    Biological  nature  off  the  fermentation 
process . 

a.  Physiological  significance  of  energy 
change  of  lactic  acid  fermentation 
reaction. 

h .  Relation  of  oxygen  to  life . 

e.  Comparison  of  fermentatio'n  and  respira- 
tion . 

d.  Biological  significance  of  the  degree 
of  energy  transformed . 


CHSiaCAL  CHANGES  ISVOLVJSD  UJ  LACTIC  ACID  HSRHiSNTATION 


I.    Tranefonnatlon  of  ^tter. 

1.  C?eneral  dlBcuaaion  of  changes  InTolved. 

Lactic  acid  f enaentation  is  a  biochemical 
reaction,  by  which  various  organic  compounds,  usually 
carbohydrates,  are  transformed,  at  least  in  part,  to 
lactic  acid. 

The  lactic  ferjaentation  of  sugars  Involres 
an  internal  rearrangement  of  the  moleoule,  as  in  al- 
coholic fermentation.    Upon  first  examination,  this 
change  appears  very  simple  and  seems  to  be  represent- 
ed by  the  equation, 

(1)  in  case  of  hexoses, 

^6%206  ^  2  CgHgOa 

(2)  in  ease  of  diaaccharoaes , 

°12^22^11  +  V  Ve^z 

The  changes  involved  are,  however,  not  so 
simple;  part  of  the  fermented  substance  seems  always 
to  be  diverted  to  the  use  of  the  cell;  other  products 
may  be  formed;  the  exact  nature  and  course  of  the  re- 
actions are  not  established.    Moreover,  even  when 
lactic  acid  is  almost  the  only  product,  the  different 
sugars  may  be  split  differently  and  the  fermentation 
may  yield  different  products,  according  to  the  lactic 


\ 


micro-organisms,  noiirlshioent  and  environniental  con- 
ditions, and  time  of  analysis. 

A  discussion  of  the  ohemlatry  of  the  changes 
involred  may  be  divided  as  follows: — 

"True"  lactic  acid  fermentation  of  (hexoses 

( po ly sac charo se s 

in  which  lactic  acid  is  almost  the  only  product. 

"Mixed"  lactic  acid  fermentation  of  (pentoses 

(hexoses 

(polysaccharoses 
in  which  other  products  arise  in  appreciable 
quantities . 

2.    Changes  involved  in  "true"  lactic  acid 
fermentation. 

a.  Hexoses. 

Various  hypotheses  have  "been  advanced 
to  explain  the  structural  changes  involved  in  the  em- 
pirical formulas  of  the  lactic  acid  fermentation  reac- 
tion in  which  lactic  aoid  is  the  only  appi^eciable  pro- 
duct.   Dttolaux  (1901}  proposed  a  structural  explanation 
of  the  molecular  disintegration  of  a  hexose  molecule 
into  two  molecules  of  lactic  acid  as  an  exchange  of 
atoms  between  the  oarbon  groups  of  the  sugar  molecule . 

Jensen(1909)  advanced  a  somewhat  different 
explanation,  in  which  water  enters  into  the  reaction 
but  does  not  affect  the  products;  the  real  chanpe  is 
explained  as  a  rearrangement  of  oxygen  and  hydrogen 
atoms. 
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3  HgO  +  1  Dextrose  »  3  HgO  +  2  Laetic  Acid 


Hany  other  authorities,  (among  them. 


Kruse  and  Oppenheimer ) ,  believe  that  the  "splitting" 
or  rearrangement  of  the  hexose  molecule  involves  a 
temporary  entrance  of  a  HoO  raolecule  which  is  set 
free  with  fom»tion  of  lactic  acid.* 


the  equations  of  the  reactions  occurring  in  these 
so-called  "true"  lactic  acid  fermentations,  T^alin 
(1917)  and  others  helieve  that  reactions  of  oxygen 
atoms,  within  the  sugar  jnoleoule,  are  involved  in 
changes  hy  which  one  side  of  the  molecule  is  oxi- 
diaed  and  the  other  side  reduced.**    By  this  in- 
ternal oxidation,  the  oxygen,  which  is  distributed 
evenly  among  the  carbon  groups  of  the  sugar  nolecule, 
is  shifted  to  one  aide  of  the  molecule  in  the  lac- 
tic acid  produced .     This  relation  is  readily  seen 


Although  no  oxygen  molecules  enter  into 


*  See  references  under  "Intermediate  Substances." 
**  See  "Energy  Transformation." 


a  eo=ir,arioon  of  the  atructur  J,  tor.jol 
Dextrose  Lactic  Acid 


TT  H  H  TT  H 

0  0  0  0  0  0 

1  f    I    I   I  II 

H  C  C  C  C  C  C 

I    I   I  l_j  ( 

rr  tT  rr  't  tt 


HOG 
I    (  I 
H  C  C  C 
J    I  II 

H  n  0 


ntoklao-i  (1904)  uiaas  ih«  twm  "jAjMljM* 

to  represent  auch  re-irrangeiajnt  of  oj^ygen  atoaa 
within  the  nsoleeule.      All  explanations  of  the  eh^ 
leal  chaises  involTftd  ir  lactic  acid  feruentatl^n 

brised,  to  a  cartaln  oxtent,  upon  intr  aao iscular 
migration  of  oxygen  stoas. 

It  Id  erl'lent  t  iat  tlMH'e  la  a  alsratlon 
of  n  atoaa  %a  q{  q  atoua;    it  aloo  folloM 

that.  If  there  la  Intraiwleoalar  oxidation,  there 
iijuat  also  he  Intranoleculor  reduction.      In  recont 
yejira,  the  rearrareen^r.t  of  II  atox^io  and  lntra.r«le- 
cular  r«dactloRa  have  boen  Interpreted  ty  a  ma^er 
of  authorities,  as  being  of  equal  i^^rtonoe  to  the 
accoaranylne  Intrarioleculap  oxldAtiona. 


In  the  '  ilea  hollo  fe 

reduction  rfvietlo  "b^e^  esiphaair: 

by      recent  nrou^  oj.  in.'  t  >rs. 
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In  Grey's  Interprotation  of  iiold  gas 
lactic  add  f.  r:  ;crti.tl  >n  (I91i3,  1920),  h^drogWi 


atoms  and  their  reducing  action  upon  intermediate 
products,  assume  the  greatest  ii,iportance .  (See 
"Role  of  Intermediate  Substances"  under  "Cheiaical 
Chances",  and  "Other  Products  of  Lactic  Acid 
Fermentation" . ) 

t.  P41y saccharose 3  (yielding  hexoses). 

The  prededing  explanations  have  been  con- 
cerned with  the  chemical  changes  which  a  hexose 
undergoes  to  form  lictic  acid.      However,  as  will 
be  shown  later,   lactic  acid  fermentation  is  by  no 
means  confined  to  hexoses.      of  the  many  other  carbo- 
hydrates which  undergo  "true"  lactic  acid  fermenta- 
tion, we  will  consider  the  disaccharosea,   such  as 
lactose,  sucrose  and  maltose. 

In  moat  textbooks  it  is  asuunied  that  the 
production  of  lactic  acid  from  a  uisacch;jro3e  is 
always  preceded  by  a  hydrolysis,  which  yields  two 
hexose  molecules,  and  that  the  lactic  acid  itself 
is  produced  by  the  splitting  of  the  hexoso  compo- 


nents .    The  order  of  reactions  Is  held  to  be  as  fol- 
lows:— 

(6)  2  CgHjgOg  -4  C3Hg03 

Whether  hydrolysis  precedes  the  lactic  acid 
fermentation  of  the  higher  supcara,  or  whether  they 
are  changed  more  directly  to  lactic  acid,  ia  a  dis- 
puted question.    It  is  faiown  that  a  disacoharose 
must  first  he  hydrolized  before  it  undergoes  aloo-> 
hollc  ferraentation,  and  as  lactic  acid  fermentation 
is  similar  in  so  many  respects  to  alcoholic  fermen- 
tation, manv  assTune  that  the  same  sequence  of  reac- 
tions takes  place  here.    However,  it  will  be  shown 
in  the  discussion  of  "Knzymes"  (see  p.        )  that  it 
is  not  yet  definitely  proven  that  higher  carbohydrates 
are,  in  all  lactic  acid  femwntations,  first  hydro- 
lized into  their  simple  hexose  constituents  before 
they  undergo  law  tic  acid  fermentation. 

The  discussion  and  equations  given  above 
are  applicable  only  to  these  lactic  acid  fermenta- 
tions, in  which  the  disintegration  of  the  siigar 
yields  at  least  almost  nothing  but  lactic  acid,  as 
in  the  "true"  lactic  acid  fermentation  of  Duolaux 
and  Kayser. 
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3.    Changea  involved  in  "mixed*  laotic  acid 
fermentationB . 

a.  Acid  gGB  fermentation  of  hexosea. 

The  explanation  of  the  chemical  changes 
involved  in  lactic  acid  fenaentaticna ,  in  which  other 
products  arise  In  appreciatle  quantities,  is  even 
fflore  difficult  tlmn  in  the  fermentations  just  con- 
sidered .    Harden  (1901)  proposed  the  following  equa- 
tion   as  a  representation  of  the  chemical  changes 
involved  in  the  acid  gas  lactic  acid  fermentation 
of  plTicose  or  of  fnictose  hy  B.  coli . 

(7)  2  CgHigOg  +  HgO  -^2  C^HgOj  +  CgH^Og  +  CgHgO  +  2  COg  +  2H; 

He  proposed  the  following  structural  ex- 
planation of  the  sources  of  the  different  products. 
(7a) 


CH^OH 

CHOH  CHgOH 


CHgCH  OH  +  COg  ♦  Hg 


CHOH  CHOH 

1  1 

CHOH    CHOH  ->  "3  CH-CHOHCOOH 


CHOH  CKOH 

I  1 
CHO  CHOH 


OHO     +  HgO 


CHjjCOOH  +  COg  + 


Aocordinp  to  this  explanation  of  Harden' », 
the  center  groups  CHOH* CHOH -CHOK,  which  have  the 
same  empiriopl  foTTnula  as  lactic  acid,  yield  this 
substance  by  the  interchange  of  a  hydrogen  and  an 


oxygen  atom  between  the  two  terminal  groups,  or  be- 
tween the  terminal  groups  of  a  second  similar  chain 
derived  from  another  moleoul*  of  the  hexose. 

This  e<iuation,  howeyer,  is  not  meant  to 
represent  accurately  the  fermentatioh  of  even  these 
hexoses  whenever  they  undergo  "aoid  gas  lactic  acid 
fermentation" .    narden  and  \falpole  (1906)  found  that 
the  proportional  quantities  of  the  products  varied 
not  only  with  closely  related  species  hut  even  with 
strains  of  the  same  species.    He  explained  this  from 
the  "basis  of  equation  (7a),  as  the  result  of  second- 
ary changes,  in  which  part  of  the  three  center  CHOH 
groups  hreak  down  into  alcohol,  acetic  acid,  succin- 
ic acid,  hydrogen,  and  carbon  dioxide.    Tiie  varia- 
tion is,  however,  more  easily  explained  by  a  later 
proposal  of  this  authority. 

In  1913,  Harden  and  Penfold  stated  thmt 
the  reactions  involved  in  these  mixed  lactic  aoid 
fermentations  could  be  best  repraaented  by  the  fol- 
lowing equations,  in  which  the  different  products 
arise  from  more  or  less  distinctly  separate  reac- 
tions . 

(8) 

^-  °6«1206  ^2  C3H6O3 

^*  °6^12°6  ~*  ^^2^5°^  *  CM3COOH  +  2  HCOOH 
o .  2  HCOOH  -»  2  COg  >  ^ 


By  this  theory,  the  variations  in  products 

raay  fee  explained  upon  the  fcasis  that  these  different 
reactions  operate  more  or  less  independently  in  the 
same  cell.    In  different  species  these  reactions  may 
possess  different  yelocities;  with  the  same  organlsn, 
hy  varying  the  conditions,  such  as  that  of  the  char- 
acter of  thp  other  nutriments ,  one  or  the  otlier  of 
theafi  simultaneous  reactions  inay  be  favored.    In  this 
way  a  varyinc  proportion  of  the  products  would  be 
formed  in  different  cystema. 

Recent  work  seems  to  establish  Harden 
and  Penfold's  contention  that  more  than  one  reac- 
tion is  involved  in  acid  gas  lactic  acid  fermenta- 
tion.   JCaiiim's  work  strongly  suggests  at  least  two 
oimultaneous,  but  independent,  reactions.  Grey, 
(laia),  believes  that  them  are  two  main  reactions. 
His  recent  investigation  shows  that  the  "fermenta- 
tion takes  place  in  two  -naln  directions.    On  the 
one  hand,  forinatioii  of  lactic  acid  and  on  the  other 
hand,  for^nation  of  n  s^rou-a  of  substances  (alcohol, 
acetic  ncld,  gns),  which  seeoi  to  be  related  more 
closely  to  one  another  as  regards  their  origin, 
than  they  are  related  to  lactic  acid." 

In  1920,  Grey  gives  still  further  and 
quite  conclusive  evidence  of  the  independence  of 
these  reactions,  especially  the  production  of  lao- 


tic  aeld.    He  shovs  that  the  "nilxed  fermentation" 
ylelda  product*  whioh  aeam  to  he  dlrided  into  three 
main  groups:  (l)  Lactic  add;  (2)  Acetic  acid,  alco- 
hol, and  succinic  acid;  (3)  Carbon  dioxide,  hydrogen, 
and  forale  acid.    There  aeeao  to  be  a  closer  relation 
between  the  second  and  third  groups  than  between 
either  ef  these  aad  the  first  g»eup.    The  aTaiis- 
bUlty  ef  hydrogen  seests  to  deteraine  the  propor- 
tionate production  of  aleohol,  sucsIbIo  acid,  and 
aoetic  acid  (in  the  order  given). 

b.  Other  "mixed"  lactic  acid  fermentations, 
of  hexoses. 

The  aboTe  work  of  Harden  ajrf  associates, 
and  of  Grey  hare  been  confined  to  the  oust  comraon 
type  ef  "mixed"  lactic  aeld  fermentations  of  hexoses. 
Tlwse  oerapounda,  howerer,  are  attacked  by  certain 
other  lactic  aeld  b»et«rla,  by  s^ans  at  other  types 
of  reaetlons.    MoreoTer,  the  recent  work  of  Fred 
and  associates  oenfijrae  earlier  suggestions  that 
there  may  be  different  ohemioal  changes  inrolved 
la  the  feraeatatien  of  the  different  hexcses.  This 
has  net  been  STldent  in  the  group  of  add  gas  fer- 
mentations disounsed  above,  but,  with  certain  other 
laotle  acid  bacteria,  the  fermentation  of  fructose 
»t  least  seems  to  follow  a  different  course  of  re- 
actions. (See  also  "Inaymes").    Further  material  on 
the  mixed  fermentations  of  different  hexoses  given 


by  certain  pentose  destroying  bacteria,  with  a  die- 
cussion  of  the  ohemioal  changes  and  reactions  invol- 
Ted,  nay  be  found  in  the  reports  of  Pred  and  aseooi- 
atea  . 

0.  Aeid  gaa  fermentation  ef  oannitel. 
Besides  the  ivexeses  and  diaaechareses, 
ether  earbel^rates  onderge  laetio  acid  f enaentatlon , 
Tlielr  femwntation  probably  is  net  so  important  in 
amidol ture,  but  belov  is  gi7en  the  structural  equa» 
tion  proposed  by  Harden  (1901)  for  the  fermentation 
of  oannitel. 


CH«OH 

I  3 

CBOH  CHgOH 

CBOH  CHOH 

i  I 

CHOH  CHOH 

i  I 

CHOH  CHOH 

-  L  I      .   .  - 

^^HgOH  CHOH 

CH  OH 

2 


C2H5OH  +  CO2  ♦ 


CHgCHgOH  +  COg  ♦  Hg 


la  this  ease,  the  two  center  "residual 
greu]^''  suffer  greater  seoondary  change  than  in 
•qoatien  (7).  and  correspondingly  less  laotie  acid 
is  feraed  ttad  iriere  ef  other  preduets.* 


*  See  "Other  Products". 


d.  Fermentation  of  pentoses. 

The  fermentation  of  pentoses  ia  included 

in  tbis  pap«x  vmAer  the  "nixed"  laetio  aoid  feraenta- 

tlons,  although  gases  are  not  so  frequent  a  product 

as  In  the  group  of  femsntatioas  diaeussed  above. 

Hoverer,  other  aoids  than  lac tie  a«ld,  ehisfly  aoetio. 

ars  produead  in  eonsiderahle  aaoxmts. 

Jensen  found  several  groups  of  his  laotlo 
haoteria  fermented  pentoses.    He  reports  (1919)  other 
substances,  usually  aoetic  add,  are  eonstantly  pro- 
duced along  with  lactic  acid.    He  points  out  that  It 
is  impossible  for  a  five-carbon  sugar  to  yield  two 
aoleoules  of  lactic  acid  by  an  intrtooleeular  reac- 
tion, aa  do  the  hexosea.    In  the  products  of  their 
fermentation,  he  found  more  lactic  acid  and  lass 
acetio  aoid  than  would  answer  to  the  equation, 

^Sho^b  -»<*3H603  ♦  G2H4O2. 

He  found,  howtver,  that  seme  of  his  lactic  aoid  bao- 
terla  fermented  arabinose  with  products  corresponding 
to  the  following  equation: 

^  °6%005      ^  ^3^603  *  3  O2H4O2 
Arabinose 

The  faet  that  the  relative  aniounts  of 
aoet.ie  and  lastie  asld  vary  with  different  eondi- 
tiona,  even  with  the  aarae  fermenting  agent,  strong 
ly  suggests  that  here, too,  we  have  to  deal  with  acre 
er  less  simultaneous  reactions  ,  m  proj>osed  above 
by  Harden  and  Peafold  and  Grey,  in  ease  of  fementa- 
tioRB  of  the  aoid  gas  type. 

Fred  and  assoeiates  (1919  and  1920}  have 
recently  studied  the  fensentatlon  of  pentoses  with 
BpSclal  reference  to  production  of  acetic  acid.  Thsjr 
found  that  the  chief  products  arising  from  fermenta- 
tion of  xylose  are  lactic  end  acetic  acids,  90^  to 
95%  of  the  xylose  censunad  being  accotmted  for  by 
these  produots .    The  ratio  of  acetio  to  laotie  aoid 
approaches  very  near  the  theoretieal  figure,  from 


the  eq^oAtlon  below:  — 

laotie  acid  ^  90 
a«etlo  aoid  ~  "SC" 

referanees  to  the  literature,  of  T>ento>e  feMenSti^- 
may  he  fotmd  i„  the  reports  if  PrW  MS  eo-J^Sj" 

M»  Tery  satlsfaotory  etruatwral  explana- 
tions hare  bean  presented  for  the  lactic  acid  fermen- 
tationa  of  pentoaes,  although  Hartlen  (1901)  suggested 
a  atructural  equation  for  thie  reaction  aomewhat  sIib- 
ilar  to    the  one  giren  above  for  the  six  carbon  su- 
gars. 

4.    Rdle  of  iatejra«diate  .substances  . 
a.  Introduction. 

Although  the  abore  empirical  equations 
show  merely  a  direct  eonrersion  of  dextnjse  to  lactic 
acid,  there  is  a  decided  tewienoy  in  recent  years 
to  believe  that  other  transient  produets  are  first 
fornad  from  the  sugar,  and  that  these  intermediate 
substances  are  then  oonrerted  into  laatie  acid, 
lioth  the  formtion  of  these  substances  and  the  sub- 
seqmnt  formation  of  lactic  acid  involre  the  terapo- 
rary  entrance  of  Hj,0  molecules  and  the  migration  of 
hydrogen  and  oxygen  atoms,  which  were  erident  in 
the  above  diseussioas. 


b.  Bayer' 8  anhydride  theory. 

Some  authorities  support  Bayer's,  (1870), 

early  explanation  of  the  fomation  of  laotie  aeld  as 

an  Intermediate  su^jstanee  In  alcolmlie  fermentation. 

An  a»eu)imlatlon  of  oxygon  atoms  takes 
plaoe  in  the  eenter  oarhon  groups  of  the  dextrose 
moleeale.  whieh  is  then  ohnnged  to  the  form  "below;— 

C^C(0H)2C{0H)2C(0H)2CHDIB^ 


This  fona  loses  two  nioleoules  of  water,  and, 
oy  a  migration  of  a  hydrogen  atom  from  the  hydroxyl 
group  left  between  the  two  middle  carton  groups  lac- 
tic anhjrdrido  is  formed. 


C 


CE3CHOHCO 


The  anhydride,  by  taking  ttp  a  water  mole- 
eole,  is  changed  to  two  molecules  of  lactic  aoid. 


e.  Trioses  as  probable  intermediate  substances 

In  later  InTestlgations ,  trioses  appear 

to  be  more  probable  intermediate  substances. 

Wehl,  (1907),  proposed  three  carbon  ooi»- 
pounds  as  intermediary  substances  in  alcoholic  fermen- 
tation.   He  iMlleTed  that  glyoerln,  aldehyde,  and 
Tiethyl-glyaxel  were  formed  during  the  change  of  dex- 
troee  to  lactic  acid.    Hef,  fl904),  has  proven  the 
formation  of  raethyl-glyoxal  (pyrurlc  aldehyde)  as  an 
Intarrtsdiate  substance  in  the  alkali  splitting  of  dax- 
tr«M  to  lactic  acid,  and  belirrsd  it  probable  that 
the  same  substance  is  inrolved  as  an  intermediate 
product  in  lactic  acir.  fermentetiott.    Puohner  and 
Meisenheioer,  (1905),  although  in  an  earlier  paper, 
(1903),  they  had  proposed  the  formtion  of  a  hypothet- 
ical diketonic  acid,  were  inclined  to  agree  with  him. 
Ifef  (1904)  also  ofcserred  formation  of  glycerin  alde- 
hyde and  earried  out  experinsnte  proTing  the  fomation 


of  lactlo  scid  from  that  substance  ty  action  of  al- 
J  fr*.  ^ioxyaoetone,  which  was  proposed  by  Buchner 
and  Meleenheimer  (1910)  aa  an  intemediate  substance 
produced  between  dextrose  and  lactic  acid  in  alcoholi 
fermentation,  is  also  considered  a  probable  intennedi 
ate  substance  in  lac  tie  acid  fermentation. 

These  thre«  substanees.  n»  thyl- glyoxal , 

gl^certn  ald«l]yd«,  and  dioxyacetone  ar«,  fTom  a 

theoretloal  standpoint,  quite  readily  fonaed  from 
glueose.    (Por  a  nore  complete  diseusalon  ©f  this 
point.  Me  the  references  given,  also  Beatty  (1917), 
Harden  (1911).  and  Euler  and  Lindner  (1915).).  Froa 
a  oonslderation  of  their  structural  formulae,  it  is 
evident  that  the  formation  of  lactic  acid  is  possible 
by  hydration,  (Beatty),  or  by  a  very  simple  migration 
of  hydrogen  and  oxygen  atoms  vrlthln  these  aoleoules, 
(3mbden,  Balden  and  Sohniltz). 

The  followlnc^  Inrestlgatlons  further  sup- 
port the  probability  of  the  entrance  of  these  three- 
earboB-group  compounds  as  intermediate  substances  in 
V.  the  change  of  lactic  j^^ld^  to  glucose . 

M.  Oppcnlielmer  (1912)  has  shown  that  these 
proposed  Intermedifite  substances  are  changed  Into 
lactic  aold  by  action  of  sodium  hydroxide,  as  cm- 
r^loyod  in  the  alkali  spllttlne  of  dextrose,  cnC  that 
the  production  of  laotlo  acid  from  certain  of  these 
substances  is  much  mere  rapid  than  that  resulting 
from  similar  action  on  dextrose.    jSabd'en,  Balden 
and  3«halt«  (1913)  proved  the  formation  of  lectlc 
aold  In  the  animal  body  from  glycerin  aldehyde  and 
dioxyacetone.    Lerine  and  Meyer  (1913)  have  demon- 
stmtcd  the  conrereion  of  methyl- glyoxal  (pyruvic 
aldehyde)  to  lactic  pcld  by  action  of  leucocytes 
and  kidney  tissue.    Dakin  and  Dudley's  (1913)  work 
Indicates  thac  this  substance  is  an  intermediate 
stage  between  gluooso  and  lactic  acid,  when  the 
change  ocexirs  In  the  animal  body.  TYtey  believe th4t 


. ev-  ■  slble  re  ctlon,  and  reproaent  the  relatiorshin 
between  ,;luco8e.  r.ethyl  fjlyox  a  ..nd  lactic  1112, 
the  following  equatlonj  *^.«-u,  ujr 

C6H120G  ,=*  CIi3  .  CO  •  CIIO  «  CH3  .  CHO  •  COOH 

o?"^Jhy?"^i;«!?'fii°^^^  deuonatrated  t3.e  production 
or  inet,Tyi  ^.lyoxal  froi.;  Bu^ara  of  the  six  C;^rbon  soriea 
l»y  action  of  weak  nlk,ai»;     Tleuber^  and  '^e-^ad  a9?5? 
ll°rSd*^f  Jtf  P^^'^'-"-        -«t)i;i  .iyoxi^L^iot^ 
vikii«^  >       f^!?"  ^ut  tlxal  it  ia  also 

"^f^^^  treatuont  of  pentoses,  diBac^TiaJideB 
an<.  other  carbol^ydr^tea.      Weuboi-g  believes  t>St 
reacuona  olull.^  to  the  Cannl;.arS  reac?Ln  .rt  involved 
in  lactic  acid  ferraentation.  and  that  L;et}wl  rlvoxa 
servos  ae  an  interi.edlate  eta^e  in  the  trS^sforfiatlon 
of  fjlucose  to  lactic  acid,  (l^uborc         K^^b  (msfjr 

tin^^r^        wel,-ht  Of  evidence  presented. 
!  concludes  that  glyceric  .and  pyruvic 

aldevi^^'dee  O'-.^ethylglyoxal)  Intermdiate  stalls 

body'.  lactic  acid  in  the  aniiaal 

«>,       ♦      ^"^^^  (1921)  believes  that  either  of  the 

«"^9tanoo8  or  nore  probably  optically  active 
_ydi»ates  of  riet^-ylclyoxal,  aee  int^^rraedi  .te  atl-os  in 
thG  conveJ-Bion  of  carbohydrates  to  iHctic  acJd. 

t7i".efcher  the  name  order  of  reactione  taken 

place  in  the  microbial  production  of  lactic  acid  la 

iiaposBible  to  state.*     However,  Herzog  and  Horth, 

Czapek  and  others,  believe  t}«t  results  of  Investiga- 

tlona  indicate  thai,  three-carbon  coupounde,  auch  ma 


^  *  f  ''^"^  InvoBtiirationrs  have  b  m  :;adc  in  the 
ro.ie  ox  triosea,  vj  intor.-.adiate  aubstancea.  in  the 

£;f?°      J'^'TT'^^i""       hexosoa.      (Gee  Harden,  1911, 
and  riuler  and  Lindner).      These  have  yielded  uuch  of 

tJie  interpretation  of  ti^at  f or.-ontati  .n.  The 
IJJh  t    siinilar  aubstancea  in  the  production  ;f  lactic 
acid  by  anlf.ial  tlaeues  hna  al3o  been  Investli^ated  with 
rositive  results.      It  seo^.s  t  at  an  Inveatigation  of 
«  '  nubstances.  from  t:.e  standpoint 

^ic/.obial  lactic  acid  fer;..entation,  s:u>uld  yield 
contributions  of  lmpo*tance,   r«t  only  to  a  i:no»ledgo 
or  the  liechunlam  of  the  fernentation  procesjs  itself, 
but  also  to  a  correct  interpretation  of  many  econool- 
caxiy  lnipo*tant  -ii?-i cultural  proce.=-8es. 


the  above  Bubst  inces.  are  involved  am  inter:.iediate 
steps  m  the  formation  of  1 xctic  acid  from  dextroae 
in  lactic  acid  ferraentitlon.      Some  mthorlties, 
(Thorn  md  Pisk.  and  others),  suggest  this  aa  a  possible 
explanation  of  the  incre  ase  of  the  lactic  acid  content 
of  ripening  Cheddar  cheese,  after  the  exhaustion  of 
lactose* 

In  hi8  discussion  of  the  probability  of 
lactic  acid  serving  -.s  an  intermediate  substance  In 
alcoholic  fermentation,  Cohen  (1910)  presents  a 
statement  tliat  is  of  equal  pertinence  to  the  ^lues  tion 
of  the  "intermediate"  role  of  three  Carbon  co;.pounda 
in  lactic  acid  fernentation.      Tie  shows  that  there  is 
always  a  possibility  of  the  -potential"  forrmtion  of 
intermediate  substancos  in  the  ^earr^^ngenentB  of  a 
auswr  molecule,  but  that  these  internediate  subotancec 
nay  be  r^cocnized  only  if  the  reaction  be  stopped  at 
that  stage.      It  is  also  true,  of  course,  tliat  inter- 
nediate substances  would  not  be  detected  if  the  reactions 
attacking  than  rJ-oceed  at  greater  velocities  than  t^iose 
responsible  for  their  production. 

HeportiJ  of  inveatie  itions  on  f  e  queation  of 
lactic  acid  as  an  inter.aodlate  aub;3t^co  in  alcoholic 
femontatlon  are  given  later  in  this  paper?  (See 

sSm''^;)  ^''-'"^       '''^'<^  appeied\.f  .Ir  Johen's 

statement)  emphasise  >Jie  significance  of  hio  remark. 


d.  Zntermedlate  subatanc«>  in  aeld  gas  laotlc 
acid  f eriMntation . 


Grey  (1914)  proposed  ths  foraation  of 
intermediate  produeta  in  lactic  acid  fermentation 
of  glucose  "by  B.  coll.    He  represents  then  ae  follows:- 


Gluoose,  CgHj^g  Oq 

 1  

ZACtie  acid       Interswdiate  Substanos  A 

CsHfiOg  I  J_  ^ 

ronnio  Aeid  Xntsmsdiate 
COg.H^  Substance  B 


Aloohol  Acetic  Aeid 
CgHgOH  CH3COOH 


In  the  ease  of  mannitel,  he  suggests  a  sim- 
ilar process,  with  the  exception  that  the  two  hydro- 
gen atoms  possessed  by  the  raannitol  in  excess  of  those 
of  the  glucose  molecule,  are  set  free  at  the  time 
Intemediate  Substance  A  is  produced.    Although  Inter- 
mediate Substance  A  is  unknown,  Grey  believes  it  to  be 
olosely  related  to  pyruTic  aldel^yde  (methyl-glyoxal) . 
Ths  asaential  difference  in  the  acid  gas  fermentation, 
of  these  two  oarbohydrates ,  he  explains  by  the  reduc- 
ing aatlen  of  thase  two  hydrogen  atoms,  which  raaotion 
gi-vas  rise  to  a  pxoduotion  of  alcohol*'  in  exoess  of 
that  produced  from  gluoose^ 

In  latar  work  (1920),  he  aotually  denon- 
atratod  that  nascent  hydrogen  does  take  part  in  the 
reaction,  particularly  in  the  production  of  alcohol. 
He  showed  ths.t  the  sajne  is  true,  not  only  in  the  fer- 
mentation of  raannitol,  but  also  in  that  of  glucose. 
By  adding  calcium  formate  to  glucose  fermentation  mix- 
tures, he  showed  that  nascent  hydrogen  is  an  actire 
agent  in  the  fermentation,  not  only  when  the  hydrogen 
arises  from  the  decomposition  of  the  glucose  itself, 
but  also  when  hydrogen  is  supplied  in  the  nasoent  con- 
dition by  the  simultaneous  fermentation  of  formic  acid 
added  to  the  system. 


*  See  "Other  Products"    Alcohol. 


Peterson  and  Fred  (1920),  and  Pred  and 
assQolates  (1920)  'believe  that  nalio  aeid  may  some- 
times serve  as  an  intermediate  sulistance  In  the  pro- 
duction of  lactic  acid  from  sugars  in  mixed  laotie 
acid  fermentations.    They  stiggest  the  following 
equation  to  represent  the  changes  taking  place :-- 

CO0H»CH2CH0H'C00H  ->  CHgCHOH'COOH  +  COg 

II.    Energy  Changes  Involved  in  Lactic  Acid 
Fermentation. 

1.    ThezuHKlyttaniies  of  laotie  acid  fe 
tatien . 

a.  Seuro*  of  energy  required. 

In  tta  first  ohaptex,  it  was  estals- 

lished  that  lactic  aeid  fermentation  is  produced  by 
the  life  processes  of  micro-organisms.  Therefore, 
in  order  that  the  catalytic  reaction  be  induced, 
it  is  necessary  that  the  microbial  agents  be  pro- 
vided with  energy,  not  only  for  growth  and  multi- 
plloation,  but  espeeially  for  the  carrying  on  of 
those  life  proeesses  by  whioh  they  elaborate  the 
oatalyst  of  the  reaotlen. 

"The  souree  of  energy  in  mierobial 
life  is  always  of  chemical  origin."  (Rahn).  The 
fermentation  of  sugars  is  the  dominant  ohemical 
change  produced  by  lactic  micro-organisms,  and  it 
13  known  that  the  chemical  change  involved  in  lac- 
tic acid  fermentation  of  sugars  takes  place  within 
the  cell. (See  "Knajpnes").    Hence,  it  may  well  be 


oonsidered  that  this  reaction  is  the  principal 
Beurce  of  energy  of  the  microbial  agents  of  laetie 
aeid  fermentation.    The  thenao-chemloal  equations 
of  these  changes,  then,  should  represent  the  energy- 
provided  by  the  lactic  acid  fermentation  reaction, 
for  the  growth,  reproduction,  and  other  life  prooese- 
es  of  lactic  micro-organisms.* 


1>.  Energy  yielded  in  lactic  acid  fermen- 
tation. 

HeTBog  (1903)  glres  the  followlne  energy 
equation  for  the  "troa"  laetlo  a«id  fermentation  of 
dextrose . 

(10)  CgP^gOg        CjHgOj  +  14.7  oaloriea. 

a*t  of  eos&ustionjBoxtroso  673.7  cal. 

(Lactic  acid        659.0  cal. 
3%9.5  X  2 

14.7  cal. 

Borthelot  ohtains  slightly  higher  re- 
sults from  calculations  upon  the  basis  of  the  dex- 
trose and  lactic  acid  being  in  solutien: — 


*  Tiaere  are  other  sources  of  energy  in  the 
system,  but  the  reaction  of  lactic  acid  fermentation 
is  essentially  an  endooollular  jjrocess  and  probably 
furnishes  practically  all  of  the  enerj^  used  by  tlie 
lactles.    Heat  of  neutraliiation,  et  cetera,  probably 
is  valueless  to  the  miero-organisma .     in  his  thermo- 
roetrlc  Investigation  of  spontaneous  lectio  acid  fer- 
mentation of  milk,  Rubner  (1906)  observed  a  greater 
thermal  effect  than  could  be  explained  by  the  lactic 
acid  fermentation  of  lactose.     This  was  not  a  pure 
culture  and  being  kept  at  37°  C,  the  fermentation 
was  probably  largely  due  to  the  acid  gas  group,  which 
reaction  yields  more  energy. 


(11)  CgHjgOe         solution)  -» 2  CgHgOg  (l„  solution) 

4-  20  calories. 

V24°12  solution)  -»4  CsHfiO, 

0 

■f  45. V  calories. 

1363.7  •«!. 
1316.0  eal. 
oal. 

By  oemparing  these  equations  with  those  of 
prooasses  of  complete  oxidation,  it  is  erident  that 
lauoh  less  energy  is  yialded  by  the  lactic  add  fer- 
mentation ef  a  sttgar  aolecule .    Hence,  the  raicre- 
crganlsae  of  lactic  acid  fermentation  require  much 
acre  food  than  do  micro- organisms  taking  part  In 
more  produotlTe  reactions.*    The  figures  helow  shov 
the  energy  liberated  when  one  gram  of  dextrose  is 
subjected  to  the  following  biochemical  reaotions. 

1  gm.  dextrose 

CoB^lcte  cxldatlon  (»idium  lactis)      3750  eal 
Butjl  alcohol  fermentation 

y6ranulcbaet*z'  bu^-llc) 

(3.  erthebttts^leuc     J  210  cal 

Alcchellc  feraeatatlcn  (Tcactc)  122  cal! 

lactic  acid  fermentation 

(*T«»"  lactic  acid  bacteria)         80  oal. 

(Heraog'c  figures) . 

These  figures  a]iow  that  ft  much  larger  amount 
of  sugar  must  undergo  the  reaction  of  lactic  acid  fer- 
mentation than  that  which  would  produoe  the  same  amount 


*  Rahn  calculated  the  amount  of  sugar  fer- 
mented per  hour  by  common  lactic  aoid  bacteria  to  be 
about  equal  to  the  weight  of  the  cell. 


of  energy  in  one  of  the  other  reactiona. 

In  laotic  aeid  fermentations  in  which 
lactic  acid  ia  not  the  only  product  formed  in  aig- 
nifioant  amounts,  these  equations  would  not  apply.* 
Kruee  has  ealoulated  the  energy  yiaid  of  the  acid 
gas  fermentation  reaction  of  equation  (7)  to  he 

(13)  2  CgHjgOg  +  HgO      2  laotio  aeid  +  CgHgOH 

+  CH3C0OH  ♦  2  COg  *  2  Hg  ♦  16.5  oal. 
This  themiooheml«al  equation  is  merely  the 
alRobrale  mm  of  the  themjocheraieal  equations  of  the 
••ireral  fermentations  ©f  equation  (a).  Naturally, 
therefore,  the  energy  yield  would  depend  upon  the 
relatlre  predomlnanee  of  the  reactions  inrolved  in 
these  mixed  fermentations. 

2.    Cheraieal  nature  of  the  fermentation  process. 

a.  Rearrengement  of  matter  and  of  energy 
Involved  in  the  reaction. 

The  ohealeal  ohange  of  fermentations, 

•nch  as  laotle  aold  ferraentatlon;  i«  often  teme4 

moleoular  reaaMfaagement .    '^▼ery  oheinioal  ohange 

oonelsta  In  sinraltaneous  reanrangetaents  of  matter 

and  of  energy.    The  true  nature  of  the  chemical  pro- 
cess is  to  he  Bought  neither  in  the  one  nor  in  the 
other  of  these  two  phenomena,  but  in  both  together." 
(Henderson).    That  there  has  been  a  rearrangement 


*  As  for  instance.  In  Rubner's  spontaneous 
fermentation  of  millc  at  37°  C,. 


of  aatter  In  laetlo  acid  fermentation  ia  evident 
from  a  comparison  of  the  structural  formulae  of 
glucoae  and  lactic  acid;  it  Is  with  the  rearrange- 
ment of  energy  that  the  following  diecuaaion  is 
primarily  concerned . 

In  tl»  preceding  discussion  of  the  ohei»- 
ieal  changes  involved  in  lactic  acid  fermentation, 
it  was  intimated  that,  although  oxygen  does  not 
enter  into  the  reaction  forraiaa,  there  seem  to 
occur  certain  reactions  of  oacygen  atoms  within  the 
h«xo««  n»lecule.    notwithstanding  the  fact  that  the 
empirical  fonaola    of  the  six  cartoon  group  gluoese 
moleoule  oontalns  the  same  proportion  of  hydrogen 
and  oxygen  atoms  as  do  the  three  cartoon  group  lac- 
tic acid  molecules,  their  structural  formulae  show 
that  the  end  cartoon  groups  of  the  lactic  acid  and 
glucose  molecules  differ  in  their  oxygen  and  hydro- 
gen content.    In  each  moleoule  of  the  lactic  aoid, 
one  of  the  end  eaztoen  groups  has  been  oxidised  to 
a  cftjnaoxyl  group  »t  the  ^cpeiise  of  the  other,  whloh 
has  toe  en  reduced  to  a  riethyl  group.    This  rearrange- 
ment of  matter  results  in  the  formation  of  a  compound 
cantainin(7  lessi)otential  energy  than  did  the  sugar 
moleoule;   there  has  been  in  this  way  a  rearrange- 
aient  of  energy.    The  exceaa  energy  is  transformed 
l.ito  kinetic  energy,  which  is  avallutole  to  the  use 
of  the  micro-organisms. 


b.  Comparison  of  oxidation  and  fermentation. 
The  complete  oxidation  of  a  glucose  mol- 
eoule  yields  673.7  csloriea, 

^©HisOg  +  12  0  ->  6  CO2  +  6  HgO  ♦  673  .  7  calories, 
while  that  of  lactic  acid  fermentation  yields  but 
14.7  calories.    The  very  great  difference  in  the  re- 
arrangement of  energy  involved  in  the  two  reactions 
may  be  explained  by  the  difference  in  the  rearrange- 
ment of  matter  which  takes  place  in  ea«h  ease. 

(1)  "la-tMuneleoulaar  oxidation". 
Fenent&tlons  are  somstiaies  termed  "intra- 
moleotdar  oxidation"  as  a  oonrenlent  means  of  express- 
ing the  migration  of  oxygen  and  hydrogen  atoms  which 
takes  plaoe  between  the  carbon  groups.    The  above  par- 
agraph stated  that  one  carbon  group  had  been  oxidized 
at  the  expense  of  another  carbon  group  of  the  hexose 
molecule.    It  la  this  fact  that  explains  the  first 
fiaadaaientai  differ«ne«  between  fomentations  and  oxi- 
dations. 

In  the  oomplete  oxidation  of  glucose, 
the  necessary  oxygen  is  furnished  from  the  surround- 
ings of  the  molecule.    In  lactic  acid  fermentation, 
the  oxygen  which  is  required  for  the  oxidation  of 
one  carbon  group  to  the  oarboxyl  form  ia  furnished 
from  within  the  molecule,  and  a  large  part  of  the 
energy  yield,  which  would  result  from  the  oxidation 
of  one  cax^on  group,  is  absorbed  by  the  oonsequent 


reduction  of  another  carbon  group  to  the  methyl  form. 
It  is  only  Tieeauae  the  enerry  liberated  by  the  re- 
fsrrangement  of  matter  to  form  the  COOH  group  exceeds 
that  abaorhed  in  the  formation  of  the  CH3  group  that 
the  reaction  of  lactic  acid  fermentation  Is  an  endo- 
thermle  reaction  at  all . 

(8)  Degree  of  cojapleteneea  of  the 
energy  transformation. 

The  eeoond  and  perhaps  more  important 
difference  Is  fotmd  In  the  energy  sontent  of  the 
reaction  products,  or  the  degrse  of  completion  of 
the  tranafermation  of  potential  Into  kinetlo  energy. 
In  lactie  acid  fermentation  the  rearrangement  of  the 
energy  of  the  matter  in  a  hexose  molecule  results  in 
the  formation  of  a  compound  possessing  a  combustion 
heat  of  659  calories.     In  complete  oxidation  of  glu- 
cose, the  reaction  products  possess  no  combustion 
heat,  and  all  of  the  potential  energy  of  the  hexosc 
mol«€ul«  Is  set  free.    Thus,  the  eacx^  transfor- 
mation %n  laetlc  acid  fermentation  is  very  much  less 
than  in  complete  oxidations. 

The  high  energy  content  of  lactic  acid 
itself  makes  lactic  ncif  fermentation  a  reaction  of 
very  incomplete  energy  transformation,  even  when 
compared  to  other  fermentation  processee.     In  al- 
coholic fermentation,  no  oxygen  is  furnished  from 
the  surroundings,  but  the  reaction  products  formed 
include  carbon  dioxide,  a  product  of  complete  ener- 


gy  tpanaforaation.    This  is  the  cause  of  the  greater 
energy  yield  of  this  fermentation. 

Further  comparison  with  other  fermentation 
processes,  showing  still  more  cosiplete  energy  trans- 
forinationB,  laskes  even  more  evident  the  incomplete 
degree  of  energy  transformation  attained  in  the  lac- 
tic acid  ferraentation  reaction.  However,  the  energy 
still  Tjound  tip  In  the  lactic  acid  molecules  is  not 
l»8t  to  the  system,  as  will  he  shown  later. 

3.    Biological  nature  of  the  feraentation  preoess 

a.  Phys.t9logi(»al  slgnif ieeuiee  ©f  the  energy 
change  of  the  laotie  acid  ferraentation 
reaction. 

Laotie  acid  fermentation  is  a  biochemical 
reaction;  it  involves  rearrangement  of  toth  energy 
and  Bsatter.    The  chemical  changes  of  perhaps  moat 
life  processes  of  organisms  are  concerned  with  trans- 
forming food  into  a  form  more  readily  utilized  hy  the 
••11  mst  hydrelyaes).    9tey  of  these  changes 

»rs  oonoemed  eatirely  with  the  vrnTraagetasnt  of  the 
matter  contained  in  the  food  nolecules;  in  these  reao> 
tions  the  energy  changes  are  incidental.    Sxactly  the 
opposite  relation  is  gho^ra  in  the  relation  of  the  lac- 
tic Bci<^.  f eiTTiRntPtion  rearrtlon  to  the  life  processes 
of  the  cell . 

^   The  transformation  of  lactic  acid  into  alcohol  and  carbon 
Qioxide  is  itself  a  reaction  tM ch  yields  a  little  he^t  (8  C  at  3°, 
according  to  Maze's  citation  of  Berthelot's  results).  From 
tnerrao chemi cal  laws,    this  fact  in  itself  would  require  a  greater 
yield  of  energy  in  the  production  of  alcohol  and  carbon  dioxide 
ii'orn  a  molecule  of  glucose  than  would  be  liberated  in  the 
production  of  two  molecules  of  lactic  acid. 


In  lactic  acid  fenaentation.  the  physi- 
ologically significant  dhenge  is  the  rearrangeraent 
of  energy.    The  energy  transforniation  of  the  exo- 
thermle  reaction  is  fundaiaental  to  the  life  of  the 
lacties.  while  the  rearrangement  of  mtter,  which 
results  in  th^  formation  of  irolecules  of  a  substance 
of  little,  if  any,  food  value,  is  more  or  less  in- 
cidental (Oppanheimer,  1913).    Then,  in  the  reaction 
of  lactU  acid  fermentation,  the  essential  cliange  is 
the  energy  transfermtion;  its  essential  role  is  the 
fumlcjhlnG:  of  klnetio  energy  to  the  ai ere- organisms 
whleh  elaberate  trie  catalyst  of  the  reaation. 

h.  Relation  of  03cygen  to  life. 

Pasteur's  first  definition  of  fermen- 
tation, "Penaentatioh  is  life  without  oxygen",  is 
perhaps  a  too  inclusire  statement.    Reactions  of 
oxygen  atoiae  are  such  productive  souroes  of  energy 
that  It  la  hy  this  nteans  that  most  miere-erganlsms 
seouye  the  eiseTgy  they  require,    in  laotle  eeld 
fermentation,  it  aiay  be  assumed  that  ferraentation 
of  a  sugar  involres  reactions  of  oxygen  atoms  with- 
in the  molecule.    If  no  oxygen  from  the  air  is  avail- 
able, the  fermentation  of  the  sugar,  (with  its  prob- 
able intramolecular  oxidation  reactions),  is  neces- 
sitated, in  order  that  energy  be  furnished  the  or- 
ganism.   The  dependence  of  all  organisms  upon  either 


fementmtion  or  oxidation  reactions  for  sources  of 
energy  la  sl»wn  by  the  fact  that  It  has  never  heen 
proven  that  any  micro- organism  cnn  maintain  life  in 
the  complete  at^Renoe  of  "both  free  oxyi;en  and  a  fer- 
raentafcle  substance.*    Even  in  the  case  of  yeaate, 
the  Tnicro-organlsiTjs,  to  which  Pasteur  applied  the 
above  definition,  this  is  found  true.    Prorn  this 
Btandpoint,  Oppenhelraer  (1913)  would  restate  Pas- 
teur's definition  as  follows:  Perraentation  is  "essen- 
tially a  means  of  obtaininpr  the  energy  required  for 
life  in  tbe  abseaoe  of  oseygen";  Kruse,  "Life  withr 
out  oxygen  is  possible  only  through  fe mentation." 

e.  Comparison  of  fenaentation  and  respirm- 
tion . 

i'rora  an  energetic  standpoint,  respira- 
tion and  ferraentation  bear  the  same  relation  to  each 
other  as  that  shown  above,  between  oxidation  and  fer- 
mentation.   Bxaminatlon  of  the  first  named  processes 
shows  that  here,  too,  the  difference  is  largely  one 
of  degrae .    TrtTn  the  biological  standpoint,  fermsa- 
tatioa  is  often  tmrmd  *intrait»leoular  respiratleB* , 
Just  as  trera  the  eheraical  standpoint  it  is  soinetiaies 


*  This  need  not  always  be  a  carbohydrate, 
althoug-h  that  is  the  usual  substrate  . 


called  "Intramoleoular  oxidation".**    A  ecaplete 

discussion  13  out  of  place  in  this  paper,  but  the 

following  quotation  from  Jo8t  shows  the  oloae  analogy 

lietween  these  relations. 

"The  destructive  laetabolis.n  in  so  far  as 
it  consists  in  the  oonplete  coabustion  of  organic 
raaterials  with  production  of  carbon  dioxide  and  wa- 
ter, is  termed  respiration.    By  ferraentation  we  mean 
en  active  metaboli sn  whore  the  oxidation  is  incomplete, 
or  where,  instead  of  oxidation,  a  deooiioosition  of  a 
different  kind  takes  place. 

"Heapiration  and  fermentation  hfTe  in  eont- 
non  the  formation  of  final  product*  having  leas  heat 
t>f  eorabustion  and  more  limited  stores  ef  energy  than 
the  laaterlals  frota  which  they  arise.    In  the  fertaa- 
tlon  of  these  final  products,  energy  must,  therefore, 
be  released,  anA  it  13  this  energy  which  tlae  organism 
uae»  to  earry  out  Its  rltal  actlTitlea. 

"Respiration  and  fermentation  are  not  two 
essentially  different  processes,  for,  since  in  the 
respiration  of  fungi,  for  example,  a  nurober  of  organ- 
ic acids  arise  as  products  of  incofaplete  coiabustion, 
we  are  quite  ontitlec^  to  terw  this  process  a  fermen- 
tation." 


d.  Biological  significance  of  the  degree 
of  the  energy  transformtion . 

The  fft«t  that  the  energy  acntent  of  the 

eyetera  (!.«..  thet  part  of  it  furnished  by  the  sugar) 

Is    Inoompletely  transfornied  is  of  biological  eignifi- 


**  Thf?  asBUTnption  of  soiie  nlp.n+.  -s-ihyniclopists 
that  carbon  dioxide  Ib  alwsyn  a  product  of  "intratnoleeu- 
lar  respiration"  is  unfounded,  ag  l3  proven  in  the  case 
of  lactic  acid  fermentation.     The  difference  betv^een 
this  fermentation  and  the  fermentations  in  v/hich  carbon 
dioxide  arises  is  merely  a  difference  in  degree  of  en- 
egy  transformation,  or  a  difference  in  degree  of  oxida- 
tion, just  t'.3  that  separatinfT  the  so-called  "fermenta- 
tions" from  "oxidation  processes."  (Jost;  compare  Kruse). 


oanee .    Among  other  caaea,  this  is  erident  in  mixed 
cultures  in  which  molda  and  laetie  acid  bacteria 
are  present  in  "serial  assooiation" .    That  part  of 
the  initial  enewty  of  the  sugar  which  reme-ins  in  the 
lactic  acid  nolecules  is  still  available  to  molds 
such  as  OidiuTTi  laetis. 

In  eenformity  with  the  law  of  Hess,  the 
aomplete  oxidation  of  the  product  ©f  lactic  acid 
fermentation  will  yield  the  •nergy  difference  "be- 
tw««n  that  of  the  eomplete  oxidation  of  glucose 
and  that  transformed  in  laetie  acid  fermentation. 

CgEj^Og  +120  6  CO2  +  fi  HgO  •»■  673.7  e»l. 

j^6»12^6         CgHgOj  +  14.7  cal . 

(2  CgHgOg  +  120      -»  6  COg  +  6  HgO  +  659  cal. 

The  last  equation  shows  that  there  is  a' 
▼esFy  productiTe  souree  of  energy  a  till  available 
in  Byatems  In  whieh  lactic  acid  transfojrmation  has 
taken  place.    The  degree  of  energy  transformation 
is  probably  likewise  significant  in  all  interml- 
crobial  relations. 
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THE  LACTIC  ACID  BACTERIA 


Introduction . 

The  results  of  the  inveatirations  re- 
ported in  the  first  chapter  established  the  fact  that 
lactic  acid  fermentation  may  be  brought  about  by  cer- 
tain micro-organisms.     In  the  inveatiRatinns  there  re- 
•  .rr*^  different  micro-organisms  had  been  iso- 
^*rr*.°*P^^^^  °'  inducing  lactic  acid  fer- 
mentation    (that  is.  of  actinE  as  biochemcal  cata- 
lysts in  the  che-nical  reactions  just  fliacuased).  The 
following  chapter  will  have  to  do  with  a  further  study 
of  the  "iicro-orf?ani8m8  which  are  the  active  agents  of 
the  fementation  Droceas. 

I.    Definition  of  Lactic  Acid  Bacteria. 

The  sarae  dlfficultiea  that  are  encounter- 
ed in  a  definition  of  Tactic  acid  fermentation  prohi- 
bit a  strict  definition  of  lactic  acid  bacteria.  The 
biological  agents  of  lactic  acid  fementations  must  be 
included  in  such  a  definition.    It  should  not.  however, 
include  all  micro-organisms  which  produce  lactic  acid. 
This  latter  treatment  would  introduce  many  organisms  in 
whose  sum  total  of  activities  the  laCtic  acid  fermenta- 
tion reaction  is  not  a  significant  life  process.  An 
exact  demarcation  between  the  groups  obtained  by  these 
two  treatments  is  impossible  to  make. 

As  a  result,  different  authorities  vary 
in  their  conception  of  the  meaning  of  the  term  "lactic 
acid  bacteria".    Some  would  include  all  bacteria  which 
are  ahle  to  produce  lactic  acid  from  any  carbohydrates, 
others,  only  those  which  attack  lactose  with  production 
of  lactic  acid.     Others  differ  in  their  conception  of 


the  raicro-organiams  includeti  in  this  category,  largely 
upon  the  basis  of  the  particular  type  of  fermentations 
Investigated.    Lactic  acid  fermentation  is  so  intiraate- 
ly  associated  with  the  dairy  industry  that  moat  of  the 
investigations  of  the  process  have  been  raade  in  this 
field.    This  fact  probably  accounts  for  the  common  ten- 
dency to  include  among  lactic  acid  bacteria  only  those 
coramon  in  the  fennentatlon  of  rallk.    Further  research 
in  the  fermentations  of  plant  products  and  in  the  ml- 
crobiolopy  of  soil  will  probably  denmnstrate  the  fal- 
lacy of  this  conception.    Prolonged  discussion  of  the 
proper  boundaries  of  the  ter>n  "lactic  acid  bacteria" 
would  be  unproductive.    TTothinp  more,  will  be  attenipted 
than  a  statement  of  the  limits  placed  by  the  v/riter  in 
his  treatment  of  the  present  paper. 

Lactic  acid  bacteria,  in  this  paper,  In- 
clude tliose  micro-organisms  which  derive  a  significant 
and  usually  predominant  portion  of  their  energy  from 
the  reaction  of  lactic  acid  fermentation,  when  in  sys- 
tems presentinp  a  carbohydrate  fermentable  by  their 
enzymes.    Whether  this  category  will  Include  micro- 
organisms of  close  phylogenetlc  relations  is  irapoosi- 
ble  to  stnte.     It  seems,  however,  that    basing  the 
determinant  character  of  the  group  upon  the  source  and 
means  of  obtainlnp  energy,   (their  most  fundamental  re- 
quirement), should  furnish  a  fairly  natural  group  of 


mioro-organisms .    It  is  certain  that    even  agricultural 
lactic  acid  fermentation  cannot  be  determined  by  the 

boundaries  of  the  dairy  industry           no  more  so,  the 

active  agents  of  this  process. 

This  treatment  will  pive  a  more  inclusive 
an*  also  more  unwieldy  group  of  bacteria  than  a  group 
limited  to  a  special  applied  field  of  lactic  acid  fer- 
mentation. This  will  be  evident  in  the  followinp  dis- 
cussion of  th^  'lethods  of  dividing  the  larpe  group  of 
lactic  acid  bacteria. 

II.    Grouping  of  the  Lactic  Acid  Bacteria. 
1.    Difficulties  encountered. 

The  study  of  the  large  number  of  species 
and  strains  of  raicro-organisras  that  may  be  considered 
ae  lactic  acid  bacteria  is  most  conveniently  approached 
by  placing  them  in  more  or  less  indefinite  groups.  Any 
Buoh  grouping  of  living  beings  is  difficult  and  more  or 
less  arbitrary.    This  usual  difficulty  is  increased  by 
the  large  number  of  species  of  lactic  acid  bacteria 
and  of  strains  or  types  within  the  same  species;  by 
the  gradations  existing  between  the  members  of  the  dif- 
ferent groups  and'^j'the  slight  distinctions  possible  to 
make  between  many  lembers  within  the  different  groups. 
These  difficulties  are  again  multiplied  by  the  indefinite 
descriptions  and  confused  terminology  aiiplied  to  these 
bacteria  by  the  earlier  investigators.    The  different 


syBteraa  propoaed  in  the  literature  will  be  given  'below. 

2.    Systems  propoaed. 

acDonnell  (1899)  and  Weigmann  (1899)  pro- 
posed a  claaaif icatlon  of  lactic  acid  bacteria  based 
on  their  action  in  millc.    Their  studies  include  only 
those  lactic  acid  bacteria  enoounterefl  in  the  dairy. 

Conn,  3sten  and  Stocking,  in  their  classi- 
fication, (which,  strictly  speaking,  is  not  a  claasifi- 
cation  of  lactic  acid  bacteria,  but  rather,  of  milk 
bacteria),  based  their  groupings  and  differentiations 
upon  the  generic  relations  of  the  organisms,  such  as 
po3ae8sion  of  flagella  and  the  usual  cultural  charac- 
teristics of  the  systematic  bacteriologist. 

Gorini  has  grouped  the  lactic  acid  bac- 
teria according  to  physiological  characters,  such  as 
ga.a  production,  temperature  relations,  acidifying 
power  and  proteolytic  fiction. 

Upon  a  aomewhat  similar  basis  Rogers  and 

Ttavia  divided  the  lactic  acid  bacteria  of  milk  into 

the  following  four  classes: 

I.    Sour  milk,  without  peptonization  and 
gas  formation. 

II.    Acid  curd,  with  gas. 

III.    Acid  curd,  subsequently  peptonized. 
IV.    High  acid  formation;  long  rods. 
The  organisms  within  these  groupa  were  further  aub- 
divided  by  other  physiological  properties;  among  these. 


they  considered  action  on  raffinose,  glycerin  or  gela^ 
tin  moat  raluatle  for  differentiation. 

Their  four  large  groups  offer  the  raost 
convenient  method  of  treatment  of  the  lactic  acid  tac- 
teria  of  'lilTc. 

The  grouping  given  below  is  that  suggested 

ty  L5hni8  (1907,  1910). 

I.    B.  aerogenes  (B.  acidi  lactici  Hueppe) 
group. 

II.     Strep,  laoticus  (B.  lactis  acidi  I^ich- 
raann)  group. 

III.    B.  bulgaricua  or  Bact.  caucasicum  group. 
IV.    Micrococci  group. 
It  will  he  noted  that  Lohnis'  large  groups  are  baaed 
upon  much  the  same  oharactera  as  those  used  hy  Rogers 
and  Bavia.    His  first  proup  corresponds  to  the  second 
group  of  the  Americana'  classification.    His  second 
and  third  groups  produce  the  "true  lactic  acid  fermen- 
tation" of  Duclaux  and  Kayser,  as  do  Rogers  nnd  Davis' 
first  and  fourth  groups.    Lohnis  then  further  subdi- 
vides these  proups  upon  auch  characters  ns  sli:ne  pro- 
duction, proteolysis,  etc.. 

Although  accepted,  at  least  in  part,  by 
most  autliorities ,  Lohnis'  syste  n  is  perhapa  almost  too 
inclusive  for  a  convenient  worVinp  basis.  I«ichiaann 
(1907)  criticized  it  in  that  respect,  pointing  out 
that  the  second  and  fourth  groups  rnight  as  well  include 
all  existing  micro-  and  strepto-cocci . 


The  difficulties  to  be  encountered  in 
establisMng  a  comprehensive  T-ut  worttable  grouping  of 
lactic  acid  bacteria  are  evident  in  the  reception  of 
Lohnis'  ayate-i.     It  has  been  criticized  chiefly  for  its 
wide  boundaries,  yet  even  his  system  does  not  recognize 
all  the  types  important  in  certain  lactic  acid  fern«nta- 
tions . 

Lohnia'  fourth  group  is  exceedingly  dif- 
ficult to  handle  in  a  aysteraatic  manner. and  has  conse- 
quently been  conveniently  ignored  by  many  authorities. 
By  eliminating  this  as  a  group  and  by  makinr  the  first 
three  goups  adhere  more  closely  to  their  respective 
type  species,  a  system  of  Irictic  acid  bacteria  is  ob- 
tained which  includes  the  majority,  but  not  all,  of 
the  ira-.ortant  agents  of  agricultural  lactic  acid  fer- 
mentation.   Xayser  advances  such  a  systen,  which,  in 
some  ways,  is  preferable  to  the  more  inclusive  ayatera 

of  Lohnia.    Such  treatment,  however,  is  also  open  to 
criticism  and  is  hardly  suited  for  a  working  basis  for 
the  presentation  of  this  paper. 

Beierjlnk  and  Jensen  (1914,  1915)  have 
set  up  groupings  of  lactic  acid  bacteria  based  upon 
their  teraperature  relations.    Jensen's  system  is  given 
below. 

I.    Lactic  acid  bacteria  growing  only 
between  25°  C.  and  50°  C. 
All  long  rods  and  almost  always  form 
levo  acid  . 

II.    I^actic  acid  bacteria  growing  ps  well 
at  5°  C.  to  7°  C.  aa  at  hirher  teii- 
peratures  (45°  C.  to  50°  C). 


Those  are  all  streptococci  (e.g.,  the 
MaJiun  strep.) . 

III.    Lactic  acid  b? cteria  growing  only  at 
raediuni  temperatures  (seldom  below 
10°  C .  or  above  40°  C . ) . 
Host  of  the  true  lactic  acid  bacte- 
ria belong  to  this  claaa . 

Such  a  system  can  at    beat  serre  only  the 
most  freneral  needs.  ^ 

Recently,  Jonsen  (1919)  has  proposed  a  more 
comprehensive  system,  based  on  his  valuable  study  of  the 
netabollsi  of  lactic  acid  bacteria. 

A.    Without  catalase,  reduction  of  nitrate  and 
surface  growth: 

a.    Produce  only  a  trace  of  by-products  be- 
sides the  lactic  acid. 

Oenus:  Streptococcus    always  form 

dextro  lactic  acid  and  thrive 
well  in  milk,  but  not  a3  well, 
or  even  badly,  in  yeast  extract. 

d  '  JJostly  shorter  or  longer  chains. 
Never  pentose  fermentation. 

Species:  themiophilus 
cremorls 
raastitidis 
pyogenes 

^.  Dlpiococcl  as  well  as  longer  chains. 
Mostly  pentose  fementation.  Al- 
ways ferment  maltose,  dextrin  and 
•alicln,  as  a  rule  also  saccharose. 
Mtolinu'n  temperature,  45°  C, 

Species:  llquefaciens 

plycerinaceous 

Inulinaceous 

hovis 

-f .  Mostly  dlnlococei.    Always  ferment 

maltose,  dextrin  and  salicln;  mostly 
pentoses,  also. 


Species:  faecitra 
lactis 


Genus:    Thermobacterlum.    Form  levo  or 
inactiTe  lactic  acid.  :;xcept 
Thra.  cerale,  they  strongly  break 
down  casein  and  thrive  well  in  yeast 
extract.    They  never  ferment  pen- 
toses and  frequently,  not  salicin. 
T«ng  rods,  which  prow  at  50°  C.  or 
more,  hut  do  not,  on  the  other  hand, 
grow  at  tenneratures  lower  tiian  22°  G 

Species:  helveticura 
.Tup^rt 
bulRaricu'n 
lactis 
cerale 

Genus:     .Itreptobacteriurn.    Form  inactive 
or  dextro  lactic  acid.  Thrive 
well  In  yeast  extract  and  as  a 
rule  also  in  nilV.    Always  fer- 
ment maltose  an(i  salicin  and  usu- 
ally lactose.    31aort  or  lonR  chains, 
.'iaxliaura  te-nDeraturo .  usually  35°  C. 
to  40°  C. 


Aa  a  rule,  produce  perceivable  anounts  of 
gas  and  other  byproducts  besides  the 
lactic  acid. 

Genus:    Betacoccua.    Form  levo  lactic  acid, 
or  exceptionally,  imictive  lactic 
acid .    Mostly  form  slime  from  sac- 
charose.   Thrive  well  in  yeast  ex- 
tract, but  only  now  and  then  *ell 
in  milk.    Xever  ferment  inulin  and 
starch,  rarely  dextrin.  Frequently 
ferment  raffinose. 
Low  optimum  temperature. 

Sneciea:  arabinosaceous 
bovis 

Genus:     Betabacteriura.    Almoat  always  form 

inactive  lactic  acid.    Thrive  well 
in  yeast  extract,  but  as  a  rule, 
badly  in  milk.    Never  ferment  con- 
siderable amounts  of  raannite,  inu- 
lin, dextrin,  starch,  or  salicin. 
Comparatively  small  raannose  fermen- 
tation . 

Species:  caucaaicum 
breve 
longura 


B.    As  a  rule,  with  catalase,  reduction  of  nitrate, 
and  surface  growth. 

Genus:     Tetracoccus.    Dextro  lactic  acid. 

Bivision  in  two  or  three  planes. 

Species:  casei 

liquef aclena 
i^ycodermatus 

Genus:     ■'Icrobacterlura.    Dextro  lactic  acid. 
"Thrive  badly  in  yeast  extract." 
Very  sraall  rods,  barely  no re  than 
0.5  ralcrona  thick. 

Species:  lacticura 

raeaentericuni 
f lavum 

Jensen's  clioice  of  cViaracters  for  differenti- 
ation, and  choice  of  terrao  to  represent  the  species  so 
obtained  are  certainly  not  above"  question.     His  classi- 
fication of  streptococci  is  -^-larticularly  audacious.  It 
is  certain  that  he  haa  not  added  to  the  value  of  his 
worthy  study  of  the  l  iochemical  activities  of  lactic  acid 
bscteria  by  assigning  these  to  illy-defined  species,  ra- 
ther than  to  type  groups. 

j'inslow  admits  the  value  of  Jensen's  work, 
but  criticizes  it  Justly  from  a  ayateraatic  standpoint. 
"The  evidence  for  combining  the  streptococci  and  the 
Bulgarian  bacillus  in  one  family  is  suggestive,  but  hard- 
ly conclusive;  while,  as  In  previous  coraraunlcations,  Jen- 
sen appears  entirely  innocent  of  any  knowledge  of  the 
principles  of  biological  no:3enolature  or  of  any  respect 
for  the  work  of  previous  investigators.    His  genus  !^e- 
tacoccus  ia  apparently  Lereconoatoc  of  Van  Tleghera  and 
his  Therraobacteriura  is  certainly  Lactobacillus  Tie ier- 
jinck;  while  many  of  hia  specific  names  are  merely  con- 
fusing synonyms  of  perfectly  valid  names  given  by*  previ- 
ous investigators." 

Heinemann  (1920)  also  comments  on  the  doubt- 
ful systematic  fitness  oT  Jensen's  system. 

In  addition  to  its  evident  disregard  of 
established  nomenclature,  Jensen's  system  of  grouping 
the  lactic  ncid  bacteria  does  not  furnish  a  convenient 
basis  for  the  treatment  of  this  paper. 

A  study  of  lactic  acid  fermentation  cannot 
readily  omit  the  acid  gas  fermentations  and  consequent- 
ly it  Deems  that  a  system  of  lactic  acid  bacteria  should 


include  the  aclfl  pas  ^roup.    Work  shown  already,  under 
"Chemical  Changes",  indicates  that  the  lactic  acid  fer- 
mentation ty  this  group  is  not  essentially  different 
from  that  of  the  so-called  "true  lactic  acid  bacteria". 
Apparently,  the  lactic  acirt  fer'nentation  reaction  Is 
Vrought  about  by  this  group  much  in  the  saiae  way  as  in 
"true"  lactic  acid  fermentation,  with  the  exception  that 
other  Independent  reactions  also  acco^any  it.  'loreover, 
the  grouping  of  lactic  acid  bacteria  should  be  merely  a 
convenient  raeans  of  studying  lactic  acid  fermentation. 
FroTt!  this  standpoint  it  certainly  does  not  see  i  logi- 
cal to  exclude  a  proup  which  are  so  important  in  practi- 
cally all  aspects  of  lactic  acid  fermentation  am  are 
Jensen's  "paoudo  lactic  bacteria", 

3.     Inadvisability  of  atteinpting  j;  systematic 
clasaif Ication  of  lactic  acid  bacteria, 
as  such. 

It  is  unwise  and  apparently  impossible  to 
8«t  up  a  systematic  classification  of  lactic  acid  bac- 
teria.    It  seems  that  there  i3  little  to  choose  be- 
tween a  comprehensive,  but  unwieldy ,  system  and  n  si-npler, 
but  non- inclusive ,  syste  u 

Perhaps  all  that  should  be  attempted  is  a 
grounlnr  of  the  fermentations  themselves,  based  upon 
the  products  of  the  reactions  upon  the  substrate.  The 
active  agents  of  these  processes  should  then  be  described 
in  the  standard  terminology  of  the  workers  in  the  other 
fields  of  raicrotiniogy. 


4.    Groupings  of  ralue  only  as  a  working 
basis. 

It  is  certain  that  any  grouping  proposed 
for  the  large  number  of  types  of  lactic  acid  bacteria 
will  be  curabersorae ,  If  it  includes  the  agents  of  all 
aspects  of  this  fermentation.    Any  grouping  of  these 
organlsina  is  of  value  chiefly  in  the  study  of  lactic 
acid  ferrwntation.    At  beat  it  can  only  set  up  certain 
groups  H.8  including  the  micro-organisms  responsible 
for  different  types  of  fermentations  obtained  in  cer- 
tain fields.    The  lactic  acid  bacteria  of  plant  pro- 
ducts would  probably  not  fall  into  the  groupings  found 
convenient  in  a  study  of  the  fermentations  of  milTc  and 
milk  products. 

As  a  workinr  basis,  Lohnis'  systen  is  usu- 
ally used.    For  the  worker  in  the  dairy  aspect  of  lac- 
tic acid  fermentation,  it  is  probably  not  as  seinrice- 
able  as  the  simpler  one  of  Hogers  and  Davis.     In  this 
pnper,  Lohnis'  system  is  chosen,  merely  because  it  is 
in  renerai  use.    Other  groupings  would  be  found  more 
convenient  In  studies  of  special  fields  of  lactic  acid 
fermentation.  » 

>To  attempt  is  made  here  to  de«cribe  exten- 
sively any  of  the  lactic  acid  bacteria  in  regard  to  raor- 
phnlogy  or  cultural  characters.     In  the  following  consid- 
eration of  thP  proups  of  lactic  acid  bacteria,  nothing 
"lore  Is  atte  ipted  than  a  statement  of  the  salient  fea- 
tures of  each  group,  and  its  most  ijnportant  members. 
Reference  to  the  literature  cited  in  the  text  will  fur- 
nish an  extensive  treatment. 


111.    Acid  Gas  Group. 

1.  Mlcro-organiaraa  included. 

Thia  grovcp  is  also  aoiae times  called  the 
Aerobacter  Group  (Beierjinck) ,  or,  from  name  of  or- 
ganisra  usually  conaidered  as  the  type  species,  the  B. 
aerogenes  (Kruae)  or  Bact.  acidi  lactic!  (Hiieppe)  group. 
It  includea  a  lar^  nxxiaber  of  species  and  atraina.  A- 
mong  the  most  comaon  raeiabers  are  the  type  apeciea,  B. 
aerogenes  or  Bact.    acidi  lactici,  and  its  close  rela- 
tive, B.  coll. 

2.  Type  species. 

The  use  of  the  term  "type  apeciea"  i  more 
or  less  unsati  a  factory,  f.o  it  is  intended  to  represent 
rnerely  a  tjrpe  of  the  raenhers  of  the  group  which  are  most 
common  in  apricultural  lactic  acid  ferwentation.  There 
is  little  reason  for  choosing  this  type  of  acid  gas  bac- 
teria in  nlace        the  B.  coll  type,  other  than  its  appar- 
ently greater  ubiquity  in  agricultural  products. 

a.  History. 

Bnct.  acidi  lactici,  Hueppe,  (Bact.  (lactis) 

aerogenes.  Bacherich,  Bact.  aerogenes),  is  taken  as  the 

type  species  of  this  group.    This  organism  was  the  first 

lactic  acid  bacterium  to  be  ianlatod  by  the  Koch  method. 

For  tMs  reason,  and  because  of  the  claims  of  its  iso- 

type 

later,  it  was  aasumed  for  some  tlTie  to  be  the  true species 

of  the  organisms  causing  lactic  ncld  ferinentation .  This 
asstur^tion  was  unfortunate,  since  the  acceptance  of  the 
fermentation  induced  by  this  organism  as  the  typical  lac- 
tic acid  fermentation  led  to  the  wrong  conception  of 
that  process.    Later,  the  type  species  of  our  second 


proup  was  ieolated  and  riven  a  name  closely  resembling 


that  used  by  Hueppe  for  Mb  bacillua  (ieichmann).  Prora 

these  uhhappy  chnicec  in  naises  arose  much  of  the  great 

confusion  still  existing  in  the  nomenclature  and  ays- 

tematics  of  the  lactic  r.cirt  hacteria. 

Much  of  the  early  literature  is  concerned 
with  disputes  over  the  identity  and  nomenclature  of  the 
type  species  -of  this  pmup  and  with  the  controversy  over 
the  relation  of  this  organisn  to  the  type  species  of  the 
following  Rroup.    A  reviev/  of  these  tjolnts,  together  with 
discussions  of  the  r61e  of  these  lactic  types  in  the  un- 
controlled fermentation  of  mill--,  is  furnished  by  the  fol- 
lowinfy  references:  Leichraann  (1094,  1896),  Aderhold  fia99) 
Severin,  '■STolff,  Heinemann  (1906),  Kruae  (1903,  1910),  .Veig- 
raann  (1910),  (further  oontro /ersies  also  arose  in  studies 
of  the  stereochemistry  of  soured  milk,    oee  references 
under  "Stereochemical  Lactic  Acid  Fermentation.") 


b.  Identity  and  nomenclature. 
Considerable  doubt  still  exists  concerning 
the  exact  Identity  of  the  or/franiara  isolated  by  Hueppe. 
It  was  soon  shown  that  it  at  least  closely  resembled, 
and  was  probably  identical  with  Escherlch'e  Bact.  lac- 
tis  aerogenes  which  this  investigator  isolated  from  the 
stool  of  a  suckling  Infant  and  from  uncoolcerl  cow's  milk. 
The  present  tendency  is  to  do  away  entirely  with  the 
tena  B.  acldl  laotlcl  ancJ  to  apply  the  name  B,  aerogenes 
to  the  type  species  of  this  group.    Probably  a  better 
procedure,  (under  the  influence  of  workers  in  the  Dairy 
Division),  Is  alraiDly  to  refer  to  it  as  a  "high  ratio" 
member  of  the  col oh- aero genes  group. 


3.    Salient  characters  eorarnon  to  the  group. 


Korphology: 

Thick,  sliort  rods. 
Graji  negative, 
Ko  spo  re  8  . 

Physiology:  (3ee  also  following  chapter). 

Optiraura  tcnnerature ,  35°  C .  to  40°  C.; 
between  those  of  the  other  two  nost  coraraon 
groups  of  lactic  acir'.  bacteria. 

arow  better  in  the  usiial  laborntory  media 
than  the  second  and  third  groups  do. 

MilTc  is  coagulated;  curd  is  hard  and  not 
homogeneous,  tends  to  express  whey. 

Onti'nuTn  oxypen  concentration  is  hifher 
(usually)  than  for  second  and  tJiird  groups, 
"yacultative  anaerobes". 

Produce  gas  frota  fermentable  carbohydrates, 
and  a  large  per  cent  of  volJitlle  acids.  This 
group  possesses  several  enzytnes  acting  on  the 
carbohydrate  substrate  and  do  not  set  up  "true" 
lactic  acid  fermentation.     In  many  ;  ^ri cultural 
lactic  Fcif!  fermentations,  the  presence  of  some 
of  these  products  is  undesirable.    This,  and 
in  some  cks^s,  their  source,  is  responsible  for 
the  tern  often  ar^plied  to  them  ---  -undesirable 
lactic  acid  bacteria". 

4,    Sub-groups  and  distinctions  between  raeiabers 
o  f  the  group . 

Probably  upon  no  other  question  in  microbiology 
has  there  been  more  work  done  than  upon  the  diagnostic  char- 
acters distinguishing  between  the  raembera  of  this  group  of 
lactic  acid  bacteria  -—  the  colon  aerogenes  rroxiv  of  the 
sanitfiry  bacteriologist. 

Wany  elaborate  syste  is  of  sub-dividing  ttiis 
grouo  have  been  made.  In  the  preliminary  prer,aration  of 
this  na.,er  these  -.vere  reviewed.  Since  then,  this  lias  been 
more  satisfactorily  accomnlished  by  an  exhaustive  review 
of  the  classification  of  the  whole  colon-tjnihoi.^  croup 
made  bv  .Vinslow.  Kligler  and  Hothberg  (1919)-  ^^his  re- 
ference will  furnish  a  review  of  the  systenatics  of  that 
larger  group .) 


a.  Means  of  differentiation  used  by 
the  early  workers. 

Beginning  witli  the  work  of  3raith,  the  raoat 
important  distinctions  have  been  made  upon  the  type  of 
fermentation  induced  by  the  different  menibers,  as  indi- 
cated by  the  aubstancea  attacked  and  by  the  products 
formed.    Until  recent  years  most  attention  was  paid  to 
qup-litp.tiTe  differences  in  the  fermentations  of  these 
organisma,  53uch  as  the  power  to  ferment  different  car- 
bohydrates with  production  of  acid  or  of  acid  and  gas, 
or  of  other  products,  an  used  in  the  Vosges-Proskauer 
reaction.*    This  led  tn  systems  of  classification  such 
aa  those  of  ^!acConkey  and  others. 

Followinp  this,  attempta  were  -nade  to 
show  quantitative  differences  in  the  products  formed, 
such  as  amount  of  tltra table  acidity  and  percentage  of 
gas  produced.    With  the  methods  then  used,  such  deter- 
minations are  very  difficult  and  the  results  obtained 
gave  classifications  only  of  temporary  value  .     It  was 
not  until  more  recent  times  and  by  use  of  the  refined 
tectinique  of  the  phy^icol  chenist  that  a  ^yste  i  of 
further  dividing  the  colon  aerogenes  group  was  put  up- 
on a  firm  basis.     The  inost  important  base 3  of  differen- 
tiation used  are  the   "gas  ratio"  and  hydrogen  ion  con- 
centration produced  in  lactic  acid  fermentations  in- 
duced by  these  ralcro-organl8!Ti3 . 


»  See  "Other  Products"    Glycols. 


b.^Gas  ratio". 

In  the  earlier  work  on  the  claaaif ication 
of  the  prouT)  of  colon-liVe  Ttiicro-organlsraa,  attention 
was  psid  to  quantitative  differences  in  the  a'50unt  of 
fraa  prof^uced,  as  neaoured  by  the  3raith  fermentation 
tube.     Slightly  later  attenpta  were  made  by  the  sane 
method  to  sitow  quantitatire  differences  between  the 
ratio     of  carbon  dioxide  and  hydrogen  produced  by  the 
colon-aerogenes  group. 

It  was  soon  shown,  however,  that  such 
deterniinations  were  not  absolute  and  were  open  to  er- 
rors vitiating  the  results  Bo  obtained.    Harden  (1901, 
1905)  studied  the  ratio  of  theae  Rases  by  cJiCTiical 
iTjethods  of  gas  analysis  (which  had  actually  been  used 
by  the  earliest  workers  on  gaseous  fermentations,  even 
before  the  introduction  of  tho  fermentation  tube).  He 
found  that  B.  coll  Droduced  carbon  dioxide  and  hydro- 
gen in  practically  equal  amounts,  while  the  B.  aerogenea 
type  -Droduced  higher  ratios  of  carbon  dioxide.  Keyes, 
(1909), ■an''  Keyes  and  Gillespie  ,( 1913 ) ,  made  further 
studies  b:'  similar  methods.     Later,  Ropers,  Clark  and 
associates  investigated  with  refined  methods  the  ratio 
of  the  gases  produced  during  the  strictly  anaerobic 
fermentation  of  rlucose  by  a  lar/re  number  of  strains 
of  both  of  these  types.    They  found  that  vnost  of  the 
strains  tested  could  be  grouped  into  classes    those 


in  which  the  pas  ratio  was  1 .06     ,  and  t>io3e  in  wliose 

f erraentutiona  the  gas  ratio  produced  was  1 .90  .  In 

SToo  . 

their  report  of  theae  investigationa ,  they  show  that 
tVii.i  prouping  has  a  significant  relation  to  the  aource 
of  the  orp&nia-ns.    This  worV  placed  the  "gas  ratio" 
as  a  valuable  diagnostic  character  in  determining  sub- 
groups within  the   "acid  gas"  group  of  lactic  acid  hac- 
teria. 

c.  Hydrogen  ion  concentration  reached 

in  defined  systems. 

ClarTc  and  Luha  devised  another  character 

of  value  in  differentiating  within  the  "acid  gas" 

grou-D.    They  found  that  in  certain  glucose  media  the 

final  hydrogen  ion  concentration  reached  hy  organisms 

of  thp  "low"  an;"!   "high  ratio"  groups  diverged  to  pH* 

be 

zones  which  could  eaiiilj^  differentiated  ty  use  of  the 
infUcator  methyl  red.    This  means  of  subdividing  the 
colon  aerorgenes  group  is  known  as  the  methyl  red  test 
and  is  (Uscuased  later  in  this  paper  (see  "Theoretical 
rrogress  of  T-actic  Acid  Fermentation').    It  is  a  test 
more  within  the  reach  of  equipment  of  the  usual  labo- 
ratory than  sre  determinations  of  the  gas  ratio. 

d.  Correlation  of  tests. 

Besides  the  correlation  above  shown  to 
exist  between  the  "methyl  red"  and  "gas  ratio"  deter- 
minations, Levine.  Hulton,  nn i  others  have  shown  a 
farther  correlation  between  the^  and  the  older  Voages- 


iroskauer  reacticn.    In  view  of  the  striking  relation- 
ship exifitlnp  between  theoe  teata  and  apparently  also 
with  the  source  of  the  colon-aeroRenea  or  acid  ^rb 
proup  of  lactic  acid  "bacteria,  it  see™  raoat  logical 
to  make  our  sub-division  of  this  prou-)  of  lectio  acid 
bacteria  upon  that  basis  into  "hlph  ratio",  ("methyl 
red  negative",  Vosges-Proskauer  positive),  B.  aeroge- 
nea  gfoup  and  the  "low  ratio",  ("methyl  red  positive" 
or  B.  coli)group.     In  the  present  status  of  our  knowl- 
edge of  these  lactic  acid  bacteria,  this  subdivision 
is  all  that  can  safely  be  made.    Furthermore,  it  ads- 
quately  serves  thf  purpose  in  a  discussion  of  the  lac- 
tid  acid  bacteria  from  the  standpoint  of  agricultural 
lactic  acid  fermentations. 

e.  T^indaraental  tasis  of  these  tests. 
In  a  study  of  lactic  aci'3  ferrne>itation 
the  fundamental  basis  of  the  above  tests  is  very  evi- 
dent.   All  of  them  depend  upon  the  -nrogreBa  and  pro- 
ducts of  the  energy-obtaining  reactions  of  these  lac- 
tic acid  bacteria.    By  imposing  definite  conditions, 
it  has  been  possible  to  control  the  rate  and  direction 
of  these  fundamental  processes  as  well  os  the  secondary 
reactions  UDon  the  products  of  the  fermentations  char- 
acteristic of  the  different  groups. 


5.    ni8tributio!i  urid  source  of  lactic  acid 
bacteria  of  thin  group. 

a.  Distribution. 

The  raernbers  of  the  aoid  gaa  group  are 
widely  distributed  and  nppear  In  the  natural  flora  of 
raoot  of  the  media  of  agricultural  lactic  ncid  ferrnen- 
tationa  .  Besides  their  presence  in  the  intestines  of 
warm-blooded  animals,  they  are  found  in  'nilTc,  tlie  up- 
per layers  of  3oil  and  on  the  surfaces  of  plants. 

largely  due  to  the  aooepted  intestinal 
and  fecal  habitat  of  the  beat  known  member  of  the 
group,  their  presence  in  foon  subatancea  as  naned 
above  was  formerly  attributed  roerely  to  direct  oon- 
ternination  with  feces  or  to  fecal  raatter  carried  as 
^U3t.    Under  this  Eaaumption,  all  the  members  of  this 
group  were  considered  to  be  from  one  identical  source, 
the  feces  of  man  or  of  other  aniraala. 

b.  Source. 

The  source  of  the  raembers  of  the  acid  gas 
group  is  of  utnost  importance  in  sanitary  aapecta;  hence, 
it  is  evident  that  any  subdivision  possible  to  make,  di- 
viding the  group  upon  thatjbasia,  would  be  of  significant 
volue.    -rith  this  in  view,  workers  in  thf?  T>airy  Depart- 
ment of  the  "Pureau  of  Agricultural  Industry  investiga- 
ted o  large  number  of  cultures  of  members  of  this  group 


olstained  from  many  aourcon.    As  a  result  of  their  \rork 
on  acid  gas  bacteria  from  boTines,  they  state:  "Colon 
bacteria  of  the  bovine  intestine  belong,  apparently 
without  exception,   to  a  ainp^le  sharply  defined  type 
characterixed  by  production  of  carbon  dioxide  and  hy- 
drop«n  in  the  rrtlo  1:1.06         (Rogers,  Clarlc  nnd  Srans). 
Further  wor'c  revealed  that  thia  relation  is  not  so  ab- 
solute in  the  case  of  acid  pas  bacteria  fro'i  human  fe- 
ces (Rogers,  Clarlc  and  Lubs,  1918). 

Kowever,  it  nay  be  regarded  ss  established 
that  "low  ratio"  orpanisnn  are  usually  from  feces. 

The  30 lire e  of  the  "Mph  ratio"  group  seems 
to  be  nore  diverse.     They  have  been  isoluted  from  grains 
of  various  kinds,  (Rogers,  Clarlc  and  Kvans),  from  silage 
and  growing  fields  of  alfalfa  and  kefir  (Hunter),  and 
from  soil,   (Johnson  and  Levine).    This  probably  explains 
the  not  infrequent  reports  by  earlier  workers  of  the 
presence  of  bpcteria  indistinguishable,   (by  methods 
then  in  use),  froTi  11,  coll.  on  hay  and  dried  grains 
(Prescott  (1903)  and  others).    It  is  quite  possible 
that  their  natural  habitrst  is  the  soil. 

e.  Significance  of  ^jresence  . 
The  significance  of  the  presence  of  acid 
gas  bacteria  has  been  materially  modified  by  recogni- 
tion of  the  sub-groups  above  established.    TIo  longer 


can  the  nreaence  of  these  orranisran  be  attrituted  ab- 


solutely to  fecel  contamination.    The  tests  ahove  are 
of  importance  to  the  sanitairy  bacteriologist  as  an  aid 
to  the  interpretation  of  the  presence  of  acid  gas  fer- 
raenters  of  lactose.    They  are  riot,  however,  absolute 
in  the  cage  of  organians  f ro  i  hurnan  feces. 

This  nnper  is  -nore  -directly  concerned  with 
the  significance  of  thnir  presence  in  the  Tiedin  of  agri- 
cultural lactic  acid  fomentation. 

Levine  concludes  tlrnt,  in  view  of  the  fact 
"that  Taerabers  of  the  acid  paa  group  are  not  unconnon  on 
rrains,  their  presence  ia  food  substances  should  not  be 
regarded  as  conrilusive  evidence  of  sewage  pollution." 

Ayers  and  Cle  aniens  (1916)  have  reported 
on  the  significance  of  the  nerabers  of  this  group  iti 
milk. 

They  point  out  that  the  colon  count,  as 
made,  includes  both  thr  "P..  coll  and  B.  aeropenes  types. 
As  tliese  trpes  are  usually  of  different  source,  auch 
counts  can  never  be  a  direct  raeasure  of  manurial  con- 
ta-nination.     Tresh  milV  produced  under  the  best  con- 
C'itinns  --^Iwaye  c-^ntaino  none  organistas  r.f  the  colon- 
aerogenes  rrout)",  but  rarely  in  large  numbers,  even 
when  r:rof!ucer'  uiif'er  the  worst  conditiont?  usually  on- 
coxintered.     "In  frenh  'nilk  the  colon  count  does  not 
indicate  the  extent  of  direct  manurial  conta  aination, 
but  doer?  inflicate  the  penerril  conditions  of  cleanliness 
under  which  the  milV  was  produced."    Due  to  temperature 
relations  of  this  rroup,  high  colon  counts  are  usually 
indicative  of  inproper  holding  of  tlie  ^ill<.  Although 
they  r!id  not  find  the  differentiation  of  B.  coli  and 
B.  aerogenes  of  materiwl  value  in  tracing  the  conditions 
of  ralllt  value,  they  curr^st  that  more  extensive  studies 
may  show  it  to  be  of  value. 

Flnkelsteln  (1919)  has  also  reported  on 
the  significance  of  the  r^resence  of  the  colon  grourj  in 
milk. 


-^3.      group,  Intt  is  usually  imo«n  as  the  atrqr-f« 

,\f|etlot^  {pi'ou^.     It  Is  «xec«dlngly  difficult  to  dsfins 

the  Xlaits  ttf  t^ls  iro^  of  X^tia  f^iA  teuB^Brio* 

ZiVlmIs  nj^jsrsntXjr  ieut  ftstsdlilii^hoS  ti^e  is  his 

aystes  ttpmi  «  jno^ly  a93*^toX«^«aX  tests.     |»r  icoXuted 

onXy  8tre^^to«(»«ci  in  ths  gy^up,  mOm  it  seAraM 

^raetieally  worj  feyp«  ijf  sfrq^to«&cciis  ti^-^t  v&«  Jeiiovn 

at  t}:»t  ti  lie*      If  lisxstko  aoid  bsctoria  auuBt  be  divided 

into  rro^spa  and  s^^tw^  it  is  doubtftaX  if  mrph^Xocy 

Is  ths  Xo^icaX  b-itole* 

9mm  •'hmmnrwmt,  sai^eiaix^  iii  Uts  earli«r 
dagr«  sXsiiasd  tliat  fr-t^^^-  -"^n  amesmit  am^lbera  of  ths 
grsiq^  ves's  iM»df«  tsc  tta^e  of  tbana 

a^a^vc?  «»  r»ds^f  t  :         ^   ■■-  ■  --tgared 

Irs  tho  l:^ctSc  r«r-  C3$  strop- 

tococtsi*     He*.'*  -  f  .3,.  uou         V  ...  "j.  ..i'jjo  ^iet 

r  *n;;inK  >  fi^ue  streptoeoeeus  to  a 

baettiriixi  ■      ^  ^  -it  "ths  wsitjht  a*  eriioiice 

is  iJiTGaXy  on  the  aids  of  its  etr  istoeoc'ciJl  cJi,jraa.-e5f*» 
It  Is  i;5*obaI>Xy  of  little  ifi^rfcr  ;:    "  rt?*,:?  -.f    :  ■eJ'  ti^ny 
aars  rods  or  aty  iptacooci.     If  t  ;  ja:juo 

B^an  a  pJ^ciolaaioaX  t^usis  as  tu  ^  ,     ,         x  45 tic 
fsF:  sftntatidD  ii-tduos4«  &  sneiw  of        torem  ^uXd 
l^obabXy  be  inelt&lsd* 

AM9timf  aouros  of  sarrar  foXissrins  the 

tnbXisisBsnt  of  tt:?««5»s  sf  laetie  acid  bactsria  ur«>n 


#    4s  as  SKa^^s  of  cldc--     "  't'  --isliiv 
sae&sting  bstWMBi  <»^sias3S  of  t'l^a  ax^e 
dtstinst  8tr^t»«!seei  trith  ^tVsers  t  ■•orit!  >;■• 

aKIy  bsio-nii,  -raajf      .  d  Sftger'sj  is 

■!9?iic)3  w»  |»>9t)»a«i«ed  ?t  ..,       si  S1yyi^-«  3L  , . .  ,  ^, 

«3caHiitod  "by  nsltisrtJiim* 


all  •t2*0|>t^«9e«i  e«rtaloly  ds  set  isP9^tM«  the  t^j>9 

«ls«kM  do  not  ft^^  to  irield  eejy  lseti«  aeld  at  oil 

ca»ng  th@i?  oeld  |S«asi^  KASti;^  and  ifart) 

ii^^n,  the  tf^tuiSflvi  9t  ts^  s«s  ftradueiag  8tr«fi»4td«&«ci 

of  (3lt}»^  Uie^  ^  pradttM  IiifltiQ  aeid) 

fyrigij^  ex^asmtaia  at  tlio  usudL  definition 

of  tlt9  l)oiia«t^ii»  9f  cptjijcp. 

f1»n^e  is  little  ^finite  knowleOtiO  at  tuo^d 

ttonsespnlr^  t^ss  tssr^e  »f  Xaeiie  add  ferijwttatloti  fcrsuc^t 

aliout  I)?  ft  tnsal^  sf  l^tie  seid  predtteinir  nierosrg^Ein^ 

i«^  shieti        be  ineludsd  in  t'  is  etva^  ift  l  ixttie  aeid 

baet^Sa*     Xt  is  prsba^le  timt  apon  a  pl^sislSGieal 

basis,  tJiS  pama»«^9^B9^  (MhI  i.»rar  dlffMf«Bt  %gT^  of 

s&rsptaesteei  sl^ssald  bi;  plguood  »iyii»  tlis  oasm  IriTgs 

gy^iip  0f  1  iOtlc  JMJid  l/act«ria  i^eh  inoludsQ  the 

luetic  sti»«pt«>a»eol  9t  dniary  faa^ntatlojw. 

me  dilSEBfei  in  W  5r'':         S;?  - 1  col  i"!  Vio 
aasi^:E:«nt  of  bst^  irlos  t- 
'aaet-,i"ia  in:  indi&Ativs  of  ^ 

to  us©  in  tlve  /^roapiijfj  ef  laetitt  tteid  bai^^ia  a.^ 
nuc"  ■  • 

£•  tsrps  speoiM* 

tiype  ■i>eci«o  Gjo39nl^  ,ijisi:~nod  ^  tiiio 
grott?  is  probably  idsntiOAl  with,  «r  at  X&aaV  Tsry 


Igr  and  tgr  Sinister  aea  miarf«ld«r,  •niot  iry"). 

^ari«o9  nasMW         te«fi  «pi)liad  to  tiii»  typn  of  lasiie 

The  «»rltar  M»t9i7  of  th«  t^|t«  m^er  ftf 
thlo  j^oi3^  isvolT«(!  y«a(P8  of  blt&«r  diiQMtM 

•v«r  its  roXatlim  to  n— ppo»»         8«mi  teotllus,  and 

baaioria  Sa  t  ^o  mtersl  sovrtflg  of  zJlZ^.  (f^fwawms 
to  t?io  llt^ora^i^  on  tb«M  ^^stiona  iavn  sItm 
in  th«  disQa««iott  of  tho  fgfpm  8T«ci«»  af  tho  preoodlng 

{pamercqpfc  Tit  2*  a*,  of  tiiis  ^ii#t«s°*})* 
fho  settle:  4mt  of  those  fpaoatiomu  cui^^iobod  a 
{li»tinetion  bofwon  tlioB*  two  lgrp««  of  laciie  <»rganl3.io« 
Hwy  i&ea^  th»t  1^  MSSiSS,*  ^■<■o^<^  *^ 

IR*obably  tlM  MMP*  iapoftant  c«geat  in  tlw  imtural 
Botarin^  of  nAUt. 

vero  twu^ljr  mx^id^^A  aa  B3pum  in  1903 

pointod  out  the  foot  that  thtqr  wore  probably  otreptooaoci. 
Sxp6ri^a9nt<a  VH^c  lay  !l911inc»  aoia«tatgnn«  Oftito  and  otliiro 
oonfiruod  Kmtoe**  oontentlon* 

Ifio  rooesnition  of  t  e  £r«quoney       oucui-r  'wcu 
of  t.  &ao  oarf^M^sas  In  ffiilk*  and  of  tiiolr  jin^rtanoo  ao 


4*  aSM^  tMs  ttee  ^  labile  '  r.     r  t 

the  e-trl^*?-^-  f"fV!^*;*T''.t^  •^''^  "s-'i^  frr-srtn  or  e^f 

of  C  .... 


St 


.Id 

cts. 


-JuciBG 

■'  .?.c 

tMs  ar^v^  iBelad^  t"     •'•■.'.•.■?.35t»  to  4«t«rfiii*  tSm 
p«latioB  of  feis  type       i  icile  swift  i»roa««li3g 

of  thia  ^-elattaw  1«  o^ioue.     It  is  rorieawU  In 
aeiall  i«  i^t  II  of  t:ii«  mmia* 

"  lr«pto«<.>oo»»*  to  oa^p  £  •                 •>  af   .  '  "s^i 

I's  '^iF!r'»»  ■•»•-•  '"ijrrioJ r>''=^s  i  jT)* 

0^::"'^  entity 

chaotic  stafeiB,  it  ''^^ 
jf  i3o8t  of  thc'  ot:  • 

TifeB  ntyqg.  lac  -jVO  of  ata-optoeaeouD 

js  eneottnteo'ea  in  ti%c^  ifsv^sUsatias*  *f  ai^ioultur ol. 


of  different  %mta  and  Mutate  «f  •taiir  to  ih«  iavasti^ 

fiation  af        laetlc  ata^^to« 'Oei  Immi  tvartslt^MA  amb 
v-xluabXe  L!UMA«ftg«  af  the  grwoj^.     on  the  oth«r  iutnA, 
^  (rv«r  «i39lu0iil»  9f  ««'tain  v^bixt^tmtm  aoad  tits  at^^Mt 
«f  dth«ara  l^*  ^  tnffScnrs  In  the  ditfmtmt  tittXdm  taetm 
l»d  to  A  griKi^  4kMl.  of  o»nf^M»i«n  irttleh  mikM  wwf 
difficult  («ir  statAia^isrit  &n  tlw  iKPM«nt  •taiua  of  t  « 
ld«ntity  of  ti<«  ^^^qiy  df  doipy  3,Aetle  fev* 

twztti^vlan* 

The  larf'ortfwc©  of  tliio  ^ttAStlaii  ^ 
Ita  erqp«  iuantflkl  Isnpwti^n^oti  in  Ttaet  12  y^, 

3*    ikd.imit  eiwrtMim  m  of  ViO  gr  >ur« 
Th»  e1>iarao%er8  of  tv«  1  ««ti«  grot^  of 
streptaeocel  a»*e  r«vi«VAd  in  detail  In  r«Pt  II  of 
tltls  t£^ltt«     ?h«Hf«  th»  «ihflraet«rs  usually  w:iair:ne'i 
t»  ViiM«  a^e]pt»«{>«<^  3r«  4Mas|^ar«4  vltia  the  #;-t?»otaife 
9jmiMt«4  tor  »   vmStmf  «f  •trains  of  •trttfttofloDcl . 
isolwtad  trots  avor  &iilk«  sow  or«&a,  and  firoa  tb* 
.•;;.<s31;i  af  0^5©^*  assri ctil tuj'al  l-«irtt«  foroontacio-a. 

A  laors  ««twt)»iv«  tiivaABaMt  sf  t>i«  torio 
ivill  Im)  fdUtid  in  t'riat  jitlaot* 

&^x>r^io6ys 

oval           ill,  cl«>0«ly  f«:  eo^  ty^M  of  tfje 

pnet)            3;    oftentiosu  in  etxaXsm^  si^Mlally 
in  3         ji-  MTtK)  laroth* 


Grraa  T>oBitive;     no  sporea. 

iJor,ieti;!ie8  with  eapsulos.  .Jensen 
states  that  loaat  1  ^xitic  nold  bactoria  form  cupaulee 
In  liilk  cultures;  during;;  the  younger  at.i^eo  ol'  t'  etr 
life  liiotory;    lie  believes  their  ability  to  beco  le 
slit:.e  toTimra  le  due  to  t*  is  prop  rty.      At  '^.'.e 
ti^^e  of  otiPulin.':,  tJse  capsules   'j*c  aaid  to  diaappoar, 
and  with  thorn  tlie  sll^BQr  coidiUon  of  the  uilk, 
(Gorini  (Idl!!')  laskes  a  8i;;Ular  statei^ont.) 

Physiology:  ' 

Optii^aim  tCEgjeratureni    20°  to  55°  C;  uaufdly 
l»vor  thsm  for  raest  rafflsbers  of  the  procodiric  £p'oup. 
Low  nlnin'mi  teia^erature. 

Apparently  {jrow  as  vrcll  uride  •  low  oxjr\/o;! 
eoncentration^    .a  xinder  aerobic  conUitiona. 

Set  up  a  "true"  lectio  acid  f eri  tentation; 
lac  hie  acid  ie  the  only  product  produced  froia 
suga  ro,  in  lar^e  ai.iour.ta*      !^o  Gaa;    rory  aliglit 
aajunt  of  volflitile  acids  produced  by  the  orGj^niams 
us'^  )J.ly  a;.!Sijjned  to  tiiio  group. 

;io8fc  iiiei.iboj*a  of  tj->o  group  coMiiulate  i.dlk. 
The  curd  produced  is  cnootli  and  honogenous,  and 
upon  Btirri(-;£:  it  c  j".  UBu,ally  be  redu-.-od  to  the 
oric.iv.rH  t};,iulsold  condition*      There  is  liLt.le 
teridenqf  for  t'  c  ourd  to  e:cprsa8  whey.  riia 
behavior  of  litious  mlk  CJil  ;.ures  is  coimidcrcd 
ch  iracteristlc  by  nusriy  oboerverB. 

4.    Differentiation  of  tJic  Utrgp.  l^cticus 

of  O-dry  f er.jeT>t.-i"tloni, " 'i'ron  othe." 
types  of  otreptijcoooi . 

a.     In  view  of  the  fact  tiuat  suvh  a 
close  relationaJiip  has  been  ahown  to  exint,  botweon 
';trop.  lacticua  -md  othor  streptococci,  it  is 
cvicfont  'i'vit  iikir  dif  a-'-nti  aior,  '.-uuld  be  difficult. 
Upon  thlo  oubject,  lieino-iann  (190C)  h-\v  ix;vie  tlw 
follfj^m;  stateuont:     "A  ciroful  varuo.J.  oi  von 

'  JhelPi'a  auzHiUiry  of  c  3  of  strop tocooci 

/•xtoB  ooncluaitoly  t  -e  ia  no  Siilient 


#   ''urther  facts  of  intu-cuL  ii!  »el:icijn 
to  the  pl^ysloloijical  chru'acterB  of  tlio  different 
•  otic   '..cid  bacte-ia   ire  f'ornished  in  a 

tor,  ("Influence  of   Snyirvjnijent  upon 
0  ,c..d  Bacteria".) 


iaeM«         toe  tear  ia      ^  L«t€teM«»  «m*»««  fiBBfi* 

Md  ^tlaB"  w^mtmfi    «W  are  •*       ttfc»»t  ai^m* 

aimUm»$>^«tt  ^txemn  Vim  Iwrafia  meA  iamt^al 

(WMjriirlTTtr  dl^ar«it  ohmkm  «f  diff«r«iti»tine  ^ 
ljM^«  •tr4^td09«el  ftp<Ki  ♦^eww  t,^^  of  »tr«pta«»t«t 
hem  ItA  t»  ^  immUi^tim  rmpm^  *»  ¥mt%  XX  of 

A         extondo*  di»«iMil«n  of  dlftftMNHitiati^n 
of  1««U«  «te'94w«9««i  io  fUmt«ta«A  ttior** 


«r  at:ai 


fr0mmt  i»  ailk  ana  i»  ^ik  yraia»te» 

•mrtns  »r  »iue,  to  muOa  m  «xUm%  thett  thty  ar«  thA 
4NMtf  i»»t  ^fp*  la  «l»  «ReMitep«il««  fUmn^a^ 

IMVS  WMaBiNg*  9f       U^%ie  »tr9pti9m&^  mem  cuMM  to 
mm  vr  ipa»to»riyM(d  miXk  «r  «r«s%  in 

Bumi^         a^etio         »f  •tr«qpto«mi  lyr*  wmsHj 
mmA  to  k«  4«BinwBt  i»  «Mb  f«^^t»4^  «i  aaKr  nitH 

reiaHat  «f  tlM  «flmlQPttitod  «r  of  Vb»  *na^erai*  or 
in«Mfftric»ll«i  fMwiatatian  of  BilJk  or  t»9m» 

t\  i9  ij^solMo  to  m^aMm  «toflMr  or  a»t 
P.\m-*  ^agfe^ouo  typo  of  looUo         te»%«»ftii  oro 
di»tribui«d  vS^Qiy  In  wHtaro*     Hm  invootl^titm  of 
Hft«s  «o«ild  Indiicrito  ^tat  tho  o«e«nrojBOO  of  i&o  ^lool 
Stapop.  lootioBo  io  roro  rnttn^  te  Um  oavirono  of  t'o 
dairy*     otSmt  oorttoro  rt^pwrte  tJio  jrooonoo  of  oudlar 


f«r  ^ItielKs  of  g^i'iai^*  i«t»9r««atilaii  af  the  «iM 

iai««tlami  ami  «3liv»  af  «BtaAC*«  C3>f«B%  1918} 

sUk  £»od»  la  «»  &^p^isnct  tettt  a  dimooltO^  eolTVd 
^ptastisti*     ftid  rftmiltB  df  aonMrft  of  fmmnttiiatitMMi 
mlc*  44  dan^ifaa  If  %km  wUMr  »f  ttai  ow  i»  :an 

Om*  ^  wmih  a»d  oolSTa  of  ttie  «««  w»«% 
tairMWiaat  :»mi1  »f  diMw^limtltttt  »f  ib«  laeUe 

e^Mad  in  «ilic*     At  «— Biiiiify  a»t&PM% 
sMitldtHi  isaifl^B^  Iwid^  wrfiMWft  of  Um  oow. 
<^an9r  mtarlal  taiai  is  within  ifMflfe  of  m  oowt  nutl^, 

l^mm  mKi  ^i^lM»i^  wd  oIAmvwI,  ttn  low  wilUngr 

to  di«M»  of  %i»  oo«*«  fotfoo  M  m  faftMPtoni  friiaagurjr 

«Hir««  of  %t»  9amma  l4«tio  otarof^toMMUi* 

It  is  obvicKW  that  tiM  intarprototiott  of 
tlM  4is^lt«ttion  wad  •otoro*  of  tba  l^tie    tar9«  of 
•tropto— ai  miot  diOMmS  oe«lr«ljr  «p««  tiM  iBtia'|igoli»« 
ttoD  of  ti)o  bom^arlM  of  tho  oeOftlloiS  8trot>»  ligTlmi 
^o«p«     Tiao  point  ia  a^alB  OGtpiiovisoa  ia  Tap|  HI 
of  tJslo  thooS9, 


9f  t:«  ertmi;^  with  vpeelaa 
]ia>tNiM«tiN» 


to  «ttrr«mt  fiift^iie  llMM  aoM  ^a^wi«  to 
garUtatla?  igrMia,     Ap^oraUjr  ar«  *  torts 
  to«tio  M«4  tesMrto  oninwnitir  fwnd  to 


to  sarto  «       m  »f  thi«  *to«to»i 

»a^»ii^«a  «9»diUesi^       b««iaft  soastiUs,  ana 
•tUi  other  •f  »«r«^to<nat«l  ora  eto«al^  ra^M 

t9  Urn  liustl«  »tr<i9i»to«»««is«»  rn^ittoM  a  tsri«f  e»Mto««» 

f9i«  fi»ito«tsig  diueuBSion  to  Uaitod      ^t«br  aeeurrx^nov 
to  mik       tOSOt  ppotoato* 

m«  4mimm%  tAmtntMwX         to  aow  xtito. 
la        Ir^cUa  Mtaar.  to  aUJc  to  «ha  ««»lla»t 
P«(tiQ4»  af  its  toaMatoftt        atgaa*  tottttow  topa 
1^  nut  Itaeaeaa  ^asiinaeu     toiS^I,  to  dtli  IraMn  temt 
the  uddar         aa^tle  |)ffaiaii»tlt*m,  atter  Im»  af 
»tTsptoe<t9«i  w^ftdmrlmAmm     Tkaai        aaaaUar  aMBattfaraA 
to      ar  ttStor  arl«to  on*  av«  aaaiattwaa  aaa«<rl,atad  vith 
%aTto«  £i«ititla,      izaalBattotta  at  vary  flraait  «tUc 
(aapaoimiljr  eertinaA  sdXk  «r  milk  w^ilali  baa  baan 
fipoea  th«  vaani  autsida  aaTitantoagttoy»)  mill  rmaX 
 — igg^^  a>jrilatt«  aaaftara  aJT  atMh  atrc^tecaaai 


tham  wUX  sklk  tjAm^SSrtSjm  to  aow*     <M  at&ar 
athir  i^iiaa  af  atraptaaaaai  ImmA  aa  B*  c«  Jam9*m 


iKT^ijtie  «tiaaaa  atptimf§  isogr      rooad  oaljr  «itia 
difficulty  to  firaali  sftto«  «nA  jrat  to  vraMt  to 
i^S&ifiaaat  iwmliai  w  to  aartato  d^toy 


/ 

/ 


sSuch  changes  In  the  j»alaUve  ma^berM  of  the 
different  types  r,.-  eta-eptosoooi  in  jalUc  and  aiXk 
prt»duotB  ar«  du»  l,srg«ly  to  tho  influaneo  of  different 
©nrironrteHtal  condition©  upon  the  life  processes  of 
tho  different  ore-iniarae.    The  fitneaa  of  ti«s 
onTir!>n?ftent.3  obtalnij^  in  eiilk,  and  in  Eiiik  product* 
at  t}ie  diffoi'ent  periods  and  aiagea  ef  their 
rKwmfacturo  and  8torai?e,  vrtll  datorfaine  the  survival 
and  relative  numbarG  of  the  different  types  af  lactie 
acid  lw*4Steria  w!iloli        be  Introdtjcsd  into  t?io8a 

(■Kie  iiigK»rtajie<j  of  tlia  relation  sutyjeated 
atxidy  of  t:.»  r  Native  influenoe  of  iifrereiit 
emrironaental  conditiono  upon  the  life  procoaoes  of 
Aifferont  types  of  streptococci.        sHiia  furnieliea 
the  Ijasis  of  t::o  invastio-ation  reported  in  Soction 
A  of  Part  III  of  tMe  thesia,) 


V,    Lactofcacillua  Group. 

1.     'ticro-organisTna  included. 

This  group  is  usually  Vnown  as  the  Lacto- 
bacilluB  GrouT),  or  the  B.  bulRaricus  or  Bact.  caucasi- 
cura  Group,    "besides  the  bulgaricus  bacillus  and  its 
Closer  relatives,  the  lactobacilli  include  B.  delbriickii 
and  wny  other  lactic  acid  bacteria  of  the  brewery  and 
distillery  and  also  the  so-called  Boas-Oppler  bacillus. 
Recent  work  by  Fred  and  associates  indicates  that  still 
other  types  must  bo  recoRnlzed, 

2.     Type  OT^&nizra. 

Laotobacillus  bulgaricus  may  be  taken  as 
the  type  organism  of  this  proup.    The  identity  of  even 
the  type  species  is  not  definitely  established  and  dif- 
ferent names  are  frequently  applied  to  it.  Makrinoff 
and  others  believe  that  many  of  the  organlamo  to  which 
various  names  have  been  anplied  by  different  autliori- 
tles  are  identicGl  with  the  bulgaricus  bacillus. 

3.     3ub-groups  and  distinctions  within  the 
group. 

a.  Types  recognized. 

The  group  of  lactobacilli  includes  a 

large  number  of  organisms,  »Tany  of  which  arc  very 

closely  related.    Attempts  nt  subdivision  of  tlds 

nroup  differ  wityi  the  strains  and  types  of  organism* 

studied  by  the  investigators.    Apparently  the  lacto- 


bacilli  represent  a  much  more  extensive  group  than  was 
at  first  recopinized.    Further  work  will  nrobahly  make 
this  still  more  ai^parent . 

It  hH3  been  clalmert  that  3ac.  delbriickil. 
B.  acldif leans  Inngiasimus.  and  tao^t  other  lactoba- 
cllli  of  importance  in  the  brewery  nnd  distillery  fer- 
ment maltose  but  not  lactoge,     (compare  Hennenberg). 
and  may  in  this  vray  t,r  distinguished  fro:i  the  lactose 
ferraentlnR:  P.  bulgarleus  type.    The  pentose  ferraenters 
of  Fred,  however,  see-n  to  renresent  hitherto  unrecog- 
nised but  important  TWrabers  of  the  Inctobacillus  group. 

Most  of  the  other  lactobacilli  recognized 
in  the  earlier  Rttenmts  at  subdivision  of  tMrj  group 
hr-ve  been  types  more  closely  associated  with  the  dairy 
industry.    These  seei  to  be  closely  related  among  them- 
selves . 

b.  Gystema  nroposed. 
Lohnls  and  White  and  Avery  attempted  to 
BeT>arate  the  lactobacini  studied  by  the?n  into  two 
grouns  ur.on  the  basin  of  presence  or  absence  of  gran- 
ules, degree  of  acid  '-roduction  and  optical  for^n  of 
the  lactic  anid  produced.     Such  a  division,  liowever, 
is  open  to  crlticisn}  granule  production  is  not  a  very 
Independent  charj^cter;  later  worV  has  also  shown  that 
within  the  lactobacil] ua  proup  are  included  organisras 
that  produce  all  nodlf icatlons  of  lactic  acid.  The 
degree  of  acid  production  seeras  to  be  a  more  constant 


factor  and  it  la  posslMe  that  a  division  can  \>e  made 
in  the  future  u^on  the  basis  of  hydrogen  ion  concentra- 
tion  into  n  "hlph  acid"  md.  "low  acid-  pro  up. 

In  hi3  1910  ayaten.  L^hnla  recognif.ea  alx 
types,  -baaed  upon  a  variety  of  charactere.    This  claaai- 
fication  is  perhaps  too  unwieldy  for  uae .     -oreover.  it 
oeeraa  that  mny  of  hla  typea  are  too  olosely  related  to 
warrant  separate  trentraent. 

^Ite  and  Avery' a  olassifleation  is  to  be 
preferred  to  that  of  J^hnio.  largely  because  it  la  aim- 
pier  and  does  net  introduce  a  confusing  nuraber  of  close- 
ly related  types.     Later  work,  however,  has  shown  that 
their  ayaten,  while  holding  for  the  types  then  recog- 
nized, would  be  of  little  value  in  the  dlatinction  of 
&11  of  the  now  recognised  types. 

More  recently,  Rahe  has  proposed  a  clasal- 
flcatlon  baaed  u^ion  ferrnentation  of  carbohydrates.  Hla 
claaaifications,  however,  will  also  likely  prove  of  only 
temporary  value. 

Jensen  (1919).  recognized  a  larger  number 
of  types  in  Vila  clasaif ioation .    He  baaes  his  two  genera 
of  such  forma  upon  nodif ioation  of  lactic  acid  produced, 
fermentation  reactions  j-nd  temperature  relations.  His 
system  is  of  little  value  as  a  system,  although  the  de- 
scriptions of  the  types  are  a  valuable  contribution. 


Fred's  pentose  ferraentcrn  introfluce  further 
ocmplicatlong  to  any  attempt  at  a  wortca'hle  but  Inolusire 
system  of  aul>-proupinp;  the- loctobacilli  . 

c.  Probable  inarlvisability  of  oubdiviaion 
of  the  f^roup. 

In  the  pre  cent  otnte  of  our  Vnowledpe  of  the 
lectobcoilli,  it  in  perhaps  beat,  in  a  study  of  agricul- 
tural lactic  acid  fermentation,  to  attempt  no  subdivision 
of  the  group.    Although  many  slifrhtly  differing  8i>«ci«8 
or  strains  may  be  included,  Earthel  suRposts  that  they 
nay  best  be*  considered  under  the  general  grouj.^  name,  as 
In  the  usual  treatment  of  the  Strep,  lacticua  proup. 

If  f»  S7!5te"i  of  sub-grouping  Is  made,  it 
shr, ;iir'  be  u^>on  the  fundamental  and  predoiainatinp  metab- 
olic proceng  of  the  lactobacilli    tho  aoid  fermenta- 
tion of  oarbohydrateo .    Upon  thst  basis,  future  v/ork 
may  divide  the-u  into  "high  acid"  and  "low  acid  "  groups 
with   ^oBsible  subdivisions  on  the  ajaounts  ol  other  acids 
(besidea  lactic  acid)  produced. 

4.    Salient  characters  of  the  group, 
a.  Morphology. 
The  lactobacilli  oonforn  more  or  less  close- 
ly to  the  following  salient  churactera  of  the  pmup: 

Usually  long  rods,  varying  widely  in  form 
and  size;  in  older  cultures  there  is  a  decided  tenden- 
cy to  filament  formation;  Y-shaped  forms  aoraetirtes  appear. 


Gr&n  pooitive,  alt^iouRh  this  in  not  & 
constant  character;  often  part  of  a  rod  will  retain 
the  stain,  while  the  reat  of  it  will  be  decolorized. 
Often  granulated;  upon  atainintr  with  afethylene  tlue 
or  with  a  granule  ntain,  such  aj  Keiaaer's,  the  gran- 
ules may  be  distinctly  de.nonstrated . 

No  spores;  capsules  rare. 

Most  raenbers  of  the  group  are  no n- no  tile, 
although  flagellated  forms  hare  been  reported  by  seve- 
ral investigators. 

^.  Cultural  chRrafiters. 
Cptlmum  temr>erRture,  40°  C.  to  50®  C., 
BltliouFh  one  of  Jensen's  genera  has  a  jaaxinura  tempera- 
ture of  SS-HO^C. 

Usually  scanty  growth  on  routine  labora- 
tory TiQdia.     7hi»  has  occasioned  considerable  diffi- 
culty in  the  cultlv&tior!  an^^  isolation  of  certain  lac- 
tobacilll  (see  later). 

Agar  colonies  have  tjuch  the  sane  appear- 
ance as  those  of  Strep,  lacticus,  with  the  exception 
that  they  have  a  nore  rp.dlating  "tangled  hair"  appear- 
ance . 

c.  Physiology. 

f^ptiauin  oxygen  concentration  is  much  as 
for  the  preoe-^lnr  grou>^. 

The  lactobacilli  are  usually  considered  as 
"true  '  lactic  acid  l.acteria,  producing  ohly  traces  of 


other  acide  tMn  lactic  rcir?  .  Thl«  Is  not  at  all  Ab- 
solute and  Tarylne  f^mount.s  of  other  products  arc  fre- 
c.uently  forced.  The  production  of  oignificnt  an«,unt8 
of  volatile  ^cid  liaa  been  reported  by  a  nunber  of  In- 
restlgators  (White  end  Avery.  Heinemann  and  Hefferan. 
Bertrand  and  associates.  Hart.  Hbatinp:^,  Fliht  and 
Evans) . 

J.      Certain  a  munts  of  succinic  ccid  ar*. 
rn^^If?      K  '^^''^ci^tea).    White  nnd  Avery  also  r^^oJt 

?eSon"e;.''L?:%''-."''°""*''  f  '    Feed's  pentose 

«nvl  A  ^  -^^f^'  HnountT  of  acetic  .icid      7  Jea 

"Chernical  ChanRe3"  and  -other  Products".) 

iJven  in  milk,   thene  orRaniams  often  grow 
more  or  lea-,  slowly.    The  curd  produced  is  usually 
homogeneous  and  easily  broken  up.     The  presence  of 
casein  dissolving  emsyraes  has  been  demonstrated  in  nome 
of  the  larrtobaollii . 

5.    Distribution  and  source. 

r^c.  delbruckii  anri  similar  lactobacilll 
were  known  for  a  long  tirae  in  connection  with  the  brew- 
inr  and  distilling  industries.    Other  members  of  the 
proup  were  isolated  from  cheese  by  Adameta  and  l;y  Von 
Preurienrelch.    A  little  later.  B.  bulgaricus  or  very 
similar  lactobncl7.U  were  isolated  fron  fermented  milk 
drlnvs  and  received  ^:onsldcrable  study  (Riot  and  Khoury. 
(1902).  n,Veli  (1906).  Cohendy  (1906).  K^ntze  (1909). 
Leva).    At  that  tirae  theie  niicro-organisras  were  not 


considered  to  he  widely  diatrlbuted.  but  later  inveatl- 
gation  haa  shown  then  to  be  of  general  occurrence. 

Lelchmann.  in  hi  a  early  work  on  the  bac- 
teria responsible  for  the  souring  of  milk,  described  a 
therraophllic  rod  form  which  was  probably  a  neraber  of 
this  proup.    "^ince  then  they  have  been  found  to  be  wide- 
ly distributed  in  milk  and  ^lik  products,  (Hastings  and 
HaTnmer  (1909)  and  others).    They  were  isolated  from  Ameri- 
can cheeses  {Evans,  Hastings  and  Hart  (1914),  iSldredge 
and  Rogers  (1914)  and  others);  from  pasteurized  whey 
(Dotterer  and  Breed);  from  ensilage  (Hunter.  Gherman); 
from  sauerkraut  and  other  fermented  foods  (Heinemann 
and  Hefferan) . 

,   ^  .  ^     .      Other  lactobacilTl,  probably  closelv  re- 
lated to  those  of  errlcultural  lactic  acid  feSjtluon 

Bcler^      ?t  "^^-^'^^^  (Heinemann  and 

T^itJii:^.  °^f°  thought  possible  that  the  so-called 

ea?fp«^i''  fcuccalls.  sometinea  associated  with  dental 

J  ^  laetobacillus  of  the  bulgaricus  group.  (A 
discussion  of  such  lactobacllli  f ro  i  the  standpoint  of 
the  medical  bacteriologist  is  furnished  by  aboJe  refe- 
rence- of  Heinemann  and  -^cker,  and  Rahs). 

,  «  ^J^^^^^  ubiquity  was  summed  up  by  Heine- 
mann an:t  Hefferan  who  found  then  -widely  distributed 
in  natur*?,  occurrinr  normally  in  human  feces,  in  the 
feces  of  cows  and  horses,  also  in  a  variety  of  3our 
an.  aronntlc  foods     in  food  for  cattle,  in  norrna?  gas- 
mli^i"  In  various  fermented  milks,  in  ordinary 

market  milk  and  in  soil,  both  manured  and  not  manured. - 

Although  those  organisms  seem  to  possess  a 
hlpher  temperature  optimum  than  that  ordinarily  prevail- 
ing in  the  outside  world,  Lohnis.  (1912),  believes  it 


probable  that  they  can  adapt  themselves  to  other  con- 
dltlons  80  as  to  exist  and  even  multl,,ly  at  the  lower 
temT.erature8  prevailing  in  soil  and  in  other  of  the 
above  ?nentioned  environments. 

It  has  been  shown  that  the  lactobacilll 
are  widely  distributed.    They  nrobably  are  present, 
at  least  in  small  numbers,  in  the  media  of  most  agri- 
cultural ^actic  acid  fermentations.     However,  only  if 
the  prevailing  conditions  are  favorable  for  their  de- 
velop.ient  in  the  struggle  for  existence  a  ,ong  the  natu- 
ral flora  of  the  raedium,  will  they  become  dominant. 

It  is  probable  that,  as  found  in  agricul- 
tural lactic  acif)  fermentations,  they  are  of  noil  or 
fecal  origin.    Stevenson  concluded  that  their  natural 
habitat  is  the  alimentary  tract  of  animals.    Here  they 
would  find  optimum  conditions  —  "high  temperature, 
low  oxygen  concentration  and  association  with  other 
microbes."    The  intestines  of  animals  would  indeed 
furnish  an  ideal  focus  fro*  which  these  organisms 
coulr?  be  distributed  to  the  man-  sources  fro*  which 
they  have  been  isolated. 

6.     Cultivation  and  isolation  of  lactobacilll. 
As  con?.iderable  difficulty  is  sometimes  en- 
countered in  the  isolation  and  cultivation  of  ^lone  of 
these  organisms  on  the  usual  culture  media,  a  short  dis- 
cussion of  -nethods  used  by  different  investigators  may 
be  of  interest. 


Cultivation: 


*      ^»     .     I?  review  of  the  value  of  dif- 

ferent media  in  the  cultivation  of  lactobacilli  Ber- 
trand  and  Buohacek  describe  the  media  tested  toy'them- 
as  follows:  ' 


Kxcellent: 


Milk  and  calcium  carbonate. 

Mi  11c  alone  . 

Medium  consistinf^  of, 

(30  gaa.  malt  boiled  for  15  lain.  in 
{  1  liter  of  water. 

(1  %  peptone 

(3  %  precipitated  calcium  carbonate 
(4  JC  fermentable  8u;;ar 


Pair: 


MBdiura  consisting  of, 
[yeast  extract 
,  peptone 

calcium  carbonate 
(lactose 

Milk  serum  and  calcium  carbonate. 
V7ort  and  ealciua  carbonate. 


Poor: 


Malt  ) 

OP    )  «  peptone  anrl  lactose,  but 
Teast)  -  oalcium  carbonate. 

Milk  Me  rum  J"  peptone.  Tut  -  calcium  car- 
bonate . 

White  and  Avery  and  others  found  whey  apar 
a  favorable  solid  medium. 

Ilany  authorities  clairj  that  these  lactoba- 
cllli  prow  only  with  difficulty  upon  the  usual  meat- 
peptone  media.    Rahe,  however,  reports  pood  development 
of  cultures  on  such  a  :5ediura,   (with  a  fermental  le  sugar) 
if  thfi  -natural  acidity"  of  the  broth  constituents  is 
not  disturbed  by  neutraM ?;atlon .    He  aacribea  this  to 
a  favorable  Influence  of  certain  unalterer^  nitrogenous 
comtituents  — -   -amino  acids".    From  work  done  on 
requirements  of  lac  tobacilli ,  it  would  seeii  that  this 
may  have  been  due  simply  to  the  hydrogen  ion  concentra- 
tion of  the  medium. 


^"^^'^^^'^t  methods  are  uauaiiv  »rnv.i^,»4 
ly  the  addition  of  such  nitrogen  "d  SoLSSj^^Ji 

Buffered  medium  la  obvious.  >'  mgruy 

Isolation: 

For  isolation  of  these  organisms  it  is 
often  necessary  to  resort  to  selective  methods,  as 
other  micro-organisms  are  usually  present  in  large 
numters.  together  with  the  lactobacllll. 

oi„*„  *      ,     P^^  f,^'^^^  ^^^P  ^"         usual  procedure  con- 
fnil  In  placing  the  substance  from  which  isolation  1? 
J?ve  „SS?er''"?'^v.°°f  to  Increase  tJe  Rela- 

tive number  of  the  lactobacilli  and.  if  possible  to  e- 
liminate  most  of  the  other  micro-organisSa .  To  do  this 
anHS^  "^^.''^  °^         ^i*^^  fptlmum  te^eJatSe  • 

bacim^^?o  isnlf.rt^i''''^'^"  toleration  of  Se  lacto- 
T      V  l\  tZ^^^  ^1^'  Hastings  and  Haa- 

^"""^t***!  the  at  high  temperature  Gntil  max- 

imum acidity  was  reached  and  then  transferred  to  new 
medium.     In  this  way  most  of  the  other  lactlcs  are  e- 
n.P^^J»^    ?•  "^*h°«^^^^  yeasts  persist.    As  a  selective 

medium.  Leva  used  extract  agar  +.35't  lactic  acid  Helne- 
mann  and  Hefferan  used  dextrose  broth  ♦  Ts,-^  glacial  a- 
cetlc  acid,  Rahe  used  acetic  dextrose  broth  of  n/20 
normality. 

™«,r  V*    V*  *  °^  ^"°h  selective  media,  cultures 

may  be  obtained  which  contain  the  lactobacilli     if  not  in 
pure  culture,  at  least  in  predominance.    The  Isolation 
then  would  consist  in  plating  them  out  on  a  medium  aSita- 
Die  lor  prowth. 


VI.    Fourth  Group  of  Lactic  Acid  Bacteria. 
1.    Micro-organisms  Included. 

As  mentioned  before.  It  is  this  group  which 
offers  the  greatest  difficulty  to  those  trying  to  set  up 
a  system  of  latftlc  acid  bacteria.     In  this  group  it  Is 


especially  evident  thr^t  many  lactic  acid  bacteria  have 
little  in  com-non  beyond  Inability  to  produce  lactic  acid 
from  sugars.    The  third  group  of  Rogers  and  Davis  is 
quite  similar  to  this  grour,  in  LShnis'  system.     In  place 
of  this  group,  Kruse  (l910)  proposes  the  -Acid- lab-  group, 
In  which  he  places  the  -acid-lab-  organisms  of  Oorini 
end  many  other  bacteria  not  usually  considered  as  lactic 
acid  bacteria,  (although  they  do  produce  a  certain  a- 
mount  of  lactic  acid),  such  as  Proteus  vulgaris,  B.  pro- 
digiosus,  and  possibly  some  spore  bearers. 

Tha  best  treatment,  perhaps,  is  to  consi- 
der as  belonging  to  this  group  lactic  acid  producing 
bacteria,  mostly  micrococci;  most  of  which  exhibit  a  low 
minimum  temperature,  many  of  them  with  distinct  proteo- 
lytic powers . 

Am'^ng  the  diversity  of  quite  different 
species  collected  within  this  groun.  the  most  common 
forms  are  such  snecies  as  'f.  lactis  acldi  and  Staph, 
pyogenes , 

2.    Salient  characters. 

The  lactic  acid  bacteria  of  this  group 
represent  rather  a  heterogeneous  collection.    Not  all 
of  them  will  conform  to  the  following  salient  charac- 
ters of  the  more  common  members. 

a.  Morphology. 

.  ,         According  to  Lohnis.  this  group  is  limit- 

fe  ''""^  "^"P^y             groupings  dif- 

J!Jl  KJi??  streptococci      In  a  review  of  his  work.  Go- 

rini  (1915)  emphasizes  the  purely  physiological  basis 


the  -acld-lab°  S?oup!     '  Physiological  characters  of 

b.  Physiology. 

,  .     ,        Optimum  temperature  of  many  forma  1h 

lowest  of  all  the  groups,  at  or  below  20°  P  ?^«f^ 
forms.  370  C:  mlnl.nu^n  temperaL^e  H  beloS'ioo'^C  X? 

?lo^    bu?  °^  laborator-.  Li?a  m^y  Se 

Slow    tut  final  growth  la  usual ly  more  l^urlflnt  vLf^ 
the  two  preceding  crouns      'M  +  y.=  +«  «^  J-uxuriant  than  In 

exhibited.    The"?rfdSctrof  feJ^entlu^n'irJf  ''^^^^^y 

3.    Distribution  and  Source. 

These  lactic  acid  bacteria,  according  to 
Lohnis.  are  fairly  eomnon  in  millc  kept  8  to  14  days  at 
a  low  temr^erature  (2°  C.  -5"  C.).    Oorlni  reports  that 
they  are  often  present  in  butter  or  cheese  Trept  in  cold 
storage.    Evans  found  them  common  members  of  the  so- 
called  udder  flora,    in  their  inrestigation  of  the  udder 
flora.  Harding  and  Wilson  found  that  70f.  of  the  cultures 
isolated  formed  lactic  acid  from  lactose;  many  of  these 
apparently  belong  to  Oorinl's  group.    Aderhold  found 
acid- lab  lactic  bacteria  in  fermenting  beans.  Sayre. 
Rahn  and  Parrand  found  members  of  this  group  among  the 
raost  frequent  micro-organisms  present  in  butter  stored 
at  low  temperatures.    R.  c.  Avery  has  found  similar  or- 
ganisms quite  commonly  present  In  various  kinds  of  cheese. 


JUL    Other  Lactic  Acid  Producinp  Bacteria. 

The  above  discussed  groups,  although  includ- 
ing most  of  the  bacteria  responsible  for  agricultural 
lactic  acid  fermentation,  do  not  include  all  of  the 
bacteria  which  produce  lactic  acil.    fiany  others  have 
been  shown  to  fon  considerable  miounts  of  this  acid. 

Lactic  acid  fermentation  is  frequent  a- 
mong  vibrios  (Feran,  nanan  anri  Huyase,  Gosio,  Kupri- 
anow  and  others).    It  is  also  reported  in  the  case  of 
diphtheria  bacillus  (Bziergowski )  and  a  few  spore 
bearing  bacilli.    A  still  larger  number  form  small 
amounts  of  lactic  acid.    In  fact,  l^enecke  believes 
It  probable  that  all  bacteria  produce  a  certain  small 
amount. 

"^hese  micro-organisms  are  not  itaportant 
as  agents  of  lactic  neid  fermentation.    It  is  interest- 
Inp  to  note,  however,  that  much  work  had  been  done  on 
lactic  a.r.id  production  by  such  bacteria,  especially  the 
vibrios,  several  years  before  the  isolation  and  recog- 
nition of  the  :7iost  coTBmon  apent  of  lactic  acid  fermen- 
tation. 

'yrjlTf    Lactic  Acid  Production  by  Other  Organisms. 

In  our  preceding  discussion,  it  is  seen 
that  bacteria  from  almost  all  genera  are  Capable  of 
lactic  acid  ferraentetinn .    Although  it  is  with  lactic 


acid  ■bacteria  that  the  agricultural  exauolea  of  lactic 
acid  fermentation  are  chiefly  concerned,  raany  other 
micro-organisms  have  heen  shown  to  produce  certain 
raountH  of  lac  tic  acid  . 

It  is  apparently  lacking  in  actinomycetes, 
(Kru8e),and  rare  among  the  yeasts,  (Lohnie,  1910,  Puch- 
ner  and  Meisenheiraer)  .    Some  molds  possess  the  power  of 
lactic  acid  fermentation;  Sal to  has  demonstrated  it  in 
the  case  of  Rhiaopus  chinensis;  Calmette  and  Boullanger, 
in  the  ease  of  other  hyphoraycetes . 

Biological  production  of  lactic  acid  is, 
however,  not  limited  to  the  action  of  micro-organisms. 
UcGeorge  and  Habermann  have  detected  lactic  acid  in  the 
leaf  Juices  and  extracts  of  nlants.    The  production  of 
lactic  aclrl  In  animal  tissue  has  been  known  for  a  long 
time.     (3ee  under  "Substrata  of  Snsyaes").    In  Tiew  of 
the  work  of  3toKJ.asa,  proving  the  f»xmation  of  small 
amounts  of  lactic  acid  by  the  intramolecular  respira- 
tion of  green  plant  tissue  in  absence  of  air,  it  seems 
that  lactic  acid  production  in  at  least  «auill  amounts 
is  a  property  coraiaon  to  protop].asm. 

StokiJlasa  reports  lactic  acid  production  by 
an  enzyae  present  in  cow's  milk  preserved  by  antiseptics. 
Lane-Clajrpon  questions  his  conclusion  and  calls  attention 
to  the  possibility  of  the  liberation  of  enzymes  from  bac- 
teria killed  by  the  chemicals  added. 
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BNZTHBS  OP  THB  LACTIC  ACIU  BACTBRIA 

1 .    Proof  of  tlie  Knzynatlc  Nature  of  the  Lactic 
Acid  Fermentation  Prooosa . 

1.    Earliest  deraonstratlons . 

The  proof  of  the  enaymatic  nature  of 
laotlc  acid  fermentation  was  not  acoonpllshed  until 
the  present  century.    The  earlier  attempts  were  made 
with  oethods  applicable  to  «tra.o«llular  ensymee. 
and  yielded  negatiye  results,  as  the  enzynee  of  the 
lactic  acid  bacterJU  are  intra^ cellular  and  seem  to 
be  retained  Jealously  within  the  cell.    Later  attempt 
with  methods  much  the  same  as  those  used  in  obtaining 
the  aymase  of  alcoholic  fermentation,  hare  been  more 
Sttooessful . 

In  1903.  K.  Buohner  and  J.  Ueisenheimer 
obtained,  from  cultures  of  B.  delbnioki,  a  sterile 
dry  powder,  which  formed  laotlc  acid  from  sucrose. 
A  little  later.  R.  Heraoio:.  working  under  Buohner* a 
direction,  obtained,  by  treatment  of  the  cells  of  B. 
acidi  lactioi^ Huappe  (B.  aerogenes),  a  3terile  pow- 
der which  formed  lactic  acid  from  lactose.    These  two 
inrestigations  established  the  fact  that  lactic  acid 
fermentation  is  due  to  enzymatlo  action,  (or  at  least, 
that  lactic  acid  may  be  produced  from  sugars,  indepen- 
dent of  the  presence  of  living  cells.) 


It  will  be  noted  that  the  preparations  of 
Buehner  and  of  Hersog  were  derlTed  froa  the  cells  of 
lactic  ucld  bacteria  of  the  first  and  third  groups. 
Equally  conTincing  results  hare  not  yet  been  obtain- 
ed with  the  merabera  of  the  Strep,  laotiotia  group, 
whieh  includes  the  lactic  acid  bacteria  probably 
most  important  in  ai^ri cultural  lactic  acid  fenseata- 
tion.    Here,  the  difficulty  of  obtaining  an  adequate 
aass  of  cells,  and  other  factors,  render  such  an  attenpt 
more  difficult  in  the  ease  of  lactic  acid  bacteria  of 
the  eeeend  group.    However,  the  experiments  of  Brans, 
Hastings  and  Hart  "show  that  ^et.  lactic  acidi  is 
able  to  form  acid  in  the  absence  of  the  living  cell." 

They  asauiaed  that  cells  killed  by  chemicals 
would  undergo  disintegration  and  liberate  any  enzyme 
present  as  well  as  thnugh  the  eells  were  oeotaanioally 
ruptured.    To  bring  this  about,  they  added  an  antisep- 
tic to  aillc  containing  these  lactic  acid  bacteria  in 
active  growing  condition.    They  found  that  an  increase 
in  acidity  of  the  lailk  occurred.    Purthermore ,  the  in- 
crease in  acidity  was  in  direct  relation  to  the  nuraber 
of  bacteria  present  in  the  Tailk  at  the  tiim  of  adding 
the  antiseptic*    This  strengthens  the  conclusion  that 
the  acid  production  is  due  to  enzymatic  action,  as, 
if  enzsTBses  are  operating,  the  acid  production  will 
be  proportional  to  the  amount  of  enzyiae  present,  or 
to  the  wiss  of  oells. 

Although  fhey  did  not  isolate  an  enzyae 
from  ti»  oells  themselves,  tlMy  believed  that  their 
"results  seaiaed  to  leave  no  doubt  concerning  the  pres- 
ence of  an  acid  forminf:  ensyne  in  organisms  of  the 
Paot.  lactic  acidi  (Strep,  laotious  Kruse}  group, 
that  act  on  allk  sugar."    it  must  be  admitted,  how- 
ever, that,  to  date,  no  one  has  actually  denunstra- 
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t«d  the  production  of  lactlo  acid  by  "unorganiMd- 
raaterial  ottained  from  cells  of  merabers  of  the  Strep, 
lactleus  group.    A  more  eonvlnelnf/  demons tration  than 
that  above  described  would  require  a  demonstration 
of  production  of  lactic  acid  from  a  sugar  in  cxperi- 
nents  controlled  by  cultural  teats  for  absence  of 
llTinu  oells.  rather  than  by  the  use  of  antiseptics. 

2.    later  work  on  "acid  gas"  lactic  acid  fer- 
'aentation. 

The  enayraatle  relations  inTolred  In  acid 
gas  fermentation  by  B.  coli  hare  been  extensively 
studied  by  Orey,  as  a  continuation  of  the  admira- 
ble researches  of  Harden  and  hla  associates  upon 
feraentationa  of  this  type. 

Orsy,(l920),  in  a  suiaiary  of  his  investi- 
gations, states  the  conditions  which  he  considers 
necessary  to  establish  the  ensyaatio  nature  of  a 
feraontatlon  process.    Uo  suggests  that  it  is  "not 
necessary  to  isolate  from  cells  an  unorganised  ma- 
terial capable  of  brinRinf  about  a  fermentation,  in 
order  to  demonstrate  that  such  a  fermentation  is 
brought  about  by  enayaes  (unless  such  substances 
were  defined  as  enzymes,  only  provided  they  could 
be  isolated  by  tlie  present  means  at  our  disposal)." 
"If  an  en«yme  ia  regarded  as  a  substance  capable  of 
inducing  fermentation  independently  of  the  life  of 
the  cell,  then  there  are  two  ratthoda  of  demonstra- 
tion which  serve  to  establish  the  existence  of  en- 
syaes  in  any  particular  ease,  without  the  necessity 
of  separating  then  from  the  cell:  (l)  carrying  out 
the  fermentation  under  conditions  which  do  not  support 
the  life  of  the  organism;  (2)  proof  that  the  several 
fermentation  phenomena  are  independent  of  one  another, 
(for,  if  a  scries  of  functions  of  a  cell  are  absolute- 
ly independent  of  one  another,  some  of  them,  at  least, 
cannot  be  eaoential  to  the  life  of  the  cell)," 

Grey's  method  of  attack  was  to  test  tbs 
action  upon  glucose  and  aannitol  of  salt  solution  sus- 
pensions of  cells  of  B.  coli.    He  divided  the  fermen- 
tation process  into  several  phases  upan  the  basis  of 


Increase  of  decrease  in  the  rmmber  of  lirinr  cells 
Deterralnationa  of  the  various  products  of  the  ferraen- 
tatlon  were  made  at  different  intenrals  and  the  coursee 
o.  production  of  the  different  products  were  plotted. 
By  this  means,  he  fulfilled  the  conditione  above  pre- 
ocrihed  -i-y  him,        he  found:  (l)  the  fermentation  pro- 
ceeded durinr  the  period  of  death  of  the  cells-   (2)  the 
courses  of  proi^uction  of  various  groups  of  products  are 
different  during  different  phases  of  the  fenaentatlon 
and  under  different  conditions,  and  seem  to  be  indepen- 
dent of  one  another. 


Aiaoni?  hia  interesting  findings, of  particu- 
lar aoraent  hare  was  tlie  apparent  independence  of  re- 
actions, (jwntloned  abore,  s«e  "CUeniioal  Changes"), 
whieh  eo  to  produee  different  groups  of  products. 
TliS  foraation  of  lactic  acid  was  oonsplouoos  for  its 
independence  of  the  other  reactions.    During  the  phase 
of  the  fe mentation  iisasdiately  following  the  rapid 
multiplication  of  the  cells,  lactic  acid  was  produced 
to  the  extent  of  tOfe  of  the  sugar  consuraed.  During 
the  period  of  death  of  the  cells,  no  lactic  acid  was 
formed,  although  the  glucose  was  consuiaed  to  a  still 
greater  extent  than  during  the  preceding  phase.  This 
period  of  death  of  eells  was  characterized  by  the 
tranaforraation  of  the  sugar  to  alcohol,  formic,  acetic, 
and  succinic  acids. 


Orey  admits  that  "the  separation  of  the 
pbasee  of  the  fermentation  was  not  absolute,  either  as 
regards  complete  absence  of  living  cells  at  any  one 
tinis,  or  oomplete  transformation  of  the  glucose  in 
one  direction  only."    It  seems,  however,  that  he  is 
well  justified  in  his  conclusion,  that  "taken  in 
conjunction  with  the  earlier  work  of  Harden  and  Pen- 
fold,  and  later,  of  the  writer,  the  present  results 
leave  little  room  for  doubt  that  the  several  fenaen- 
tatlon processes  by  which  B.  coll  comnunis  brings 
about  the  deeonipositlon  of  glucose  and  allied  sub- 


■taneea  are  true  enzyoe  actions  and  are  capable  of 


actlnc  independently  of  one  another,  and  thus  Ijrcak- 
ing  down  the  sugar  In  verious  ways." 

It  ie  very  poaaihle  that  the  ensyiae  whioli 
produces  Ip.ctic  acid  In  "true"  laetlc  acid  fomen- 
tation is  the  sane  a*  that  inrelTSd  in  the  produc-» 
tion  of  lactic  acid  in  "acid  gaa"  laetio  oeid  far- 
mentation,  and  that  the  di^rcvnity  of  produota  in  tha 
latter  type  of  fomentation  ie  due  nerely  to  the  pres- 
ence of  additional  and  independent  easyoea. 

II.    Correct  Nomenclature  for  the  TSnzym  of  the 
Lactic  Acid  Femantatlon  Heaction. 

1.    Ohjeotions  to  Buehner's  "lac tacidase . " 
Different  naaes  have  been  suggested 
for  the  ensyuie  reeponsihle  for  laetio  acid  fermen- 
tation. "Laetaoidase " ,  suggosted  hy  Buohner,  is 
probably  in  aost  general  use.    in  loany  respects,  the 
use  of  this  naoe  ie  unfortunate;  it  is  not  only  con- 
trary to  the  uaiial  substrate  nomenclature,  but  the 
sane  name  is  often  applied,  (perhaps  more  logically), 
to  •nsyraes  of  other  fermentation  processes,  such  as 
those  changing  lactic  acid  to  volatile  acids,  and  it 
vas  also  formerly  applied  to  one  of  the  assumed  eo- 


^  ^'ai^  of  the  "beet  authorities  no  longer 
conaiuer  lactic  acid  as  an  intersredinte  stage  in  al- 
coholic fernent  -tion.      Slator,  as  tJie  rftsult  of  Te- 
locity expTTinents,  believes  it  "iaprobrible  that  in 
alcoholic  f erriontation  any  but  aiiall  asiour.tB  of 
suoar  ■••o  t}ifou{-h  interaediatr^  atfjge  of  lactic  acid", 
Buc"»er  and  Meieenheimer  (1910)  found  that  "livimj 
yeaat  <i\v\  ncith::r  fon.i  no*  fer.:ent  lacfcio  acid". 
The  presence  of  lactic  acid  in  wine  is  now  .-isuribed 
to  the  f er:  lentation  of  raalic  acid  by  l-icteria.  (Sei- 
fart  and  'lonenstiehl) .      Vhils  t}ie  ribove  ©xpe  iaenta 
indicate  that  it  least  most  of  t}i«  lactic  acid  found 
in  arine  ia  not  derived  by  ac  ion  of  yeaat  upon  sugar, 
they  >io  not  prove  that  lactic  acid  does  not  play  a 
i-31e       an  intermediate  substance  in  lactic  acid  f«-- 
ncntation. 

Inveatigritiona  wi  ai  cell  free  ye  ist  extracto 
nr-isont  eviaenc-.  sug^RB^i^         pertinence  of  Cohan** 
■ersjirk,   >?hich  ?nis  rerorted  in  our  diocuosion  of  inter- 
lediate  substancca  in  lactic  acid  f erijontation. 
("Ch«Tiic:a  Ch^,nBes").      M.  Opponhei  ifor-  (1914)  allowed 
that  lactic  acid  can  be  forned  by  cell  free  extracts 
of  yeaat  (in  exporirsento  oontroilea  by  cultural  teuta 
for  tJie  absence  of  In^tic  ?icid  farairg  bacteria). 
Re  believes  that  1  ctic  ficid  ia       intortiedi  ito  ota<se 
in  alcoholic  fer; sentation;     ;a?d  points  out  tli.it  the 
reason  laeti«  acid  is  not  found  in  testa  with  livir^ 
yeaat  .rtoy  be  due  to  t'la  fact  tliat  the-  T-articvaar 
anzy:  e  involT'?  i  in  tv.e  production  of  the  l  uetic  acid 
E:<ay  poaaeas  fpreater  re^si stance  tiJan  do  tiiooe  Invjlved 
in  the  production  of  alcohol.      (The  poaoibili tiea  of 
such  a  relation  are  evident;     they  have  been  B}iovm  t© 
exist  in  nlxturea  of  othev  en-y  .ea  involved  in  si  ilar 
r°  ctions.      B.  g.,   the  di  sacch?irooe  l-iydrolyzins,  and 
lactic  ;acii;  producing  enr.yioea  of  tho  .  nouiaococcua. 
(3ee  III  1.  a.  in  tMa  section) 

Palladin  and  ;?abinin  (1916)  found  that  killed 
yeaf?t  decern  oasd  lactic  acid  in  thn  pre  once  of  pyruvic 
aldehyde.      (T'  oy  ad'dt  two  ve.-ikneooea  in  t5ieir  line 
of  Trider.ce:     (l)  ti>  fornatlon  of  ;\lcohol  mxa 
-ccornpssr'.ied  by  a  rel?^tively  lirge  yield  of  C.>2  find 
not  in  the  ratio  found  in  alcoliolic  fermentation; 
(2)  killed  ye  ist   iloo  deconroaod  a  number  of  very 
diasi  lloir  coranounds,  srhlc?!  a-e  knovm  to  bave  no  relation 
to  alcoholic  ferr.Tentatlon) .      Thesy  eoncaude:     "Juat  :*a 
the  ne-ativf?  r  nults  of  Buchner»s  exprsri; jonts  du  not 
nrove  that  lactic  acid  can  not  be  the  interaedlato 
-^ohict  of  alcoholic  fe-nontation,  our  own  poaltiye  results 
....  do  not  yet  conciyiaively  prove  tlifit  1  .ctic   icid  la 
j n teraediate  product. 


2*    STJ^geetions  of  Stokl  sea,  Csapek  onii  others. 
Stoklasa  call  a  those  enzyf-iee  prodtiolng 
intranoleoular  ehsng©  in  t'ne  cluooss  i molecule  "sly* 
liolytic*  ensy  .'^8,  and  uoes  Hie  specific  taria  *la6t«* 
lase*  for  the  lactl»  acid  producing  erjiyiis.  '^alze^ 
vin  uoed  t?^e  ter^i  "paat<irase* .      "meee  terioB  are  still 
lsf33  in  -^.eeord  with  aceept«d  r-'incipleo  of  enayue 
nomonclature  than  Buchne3'»o  term.      Cz&p«k.  believes 
"Slucolaotacldaae*  t»  Iw  a  aorg  fitting  wane. 

3.    Moption  of  3^1ei*»«  term        •lactic  r^cid 
bacteria  zyniaao". 

J'rob?tbly  the  g&neraX  tars'*  used  by  i:^iler  io 

least  open  to  eriticisia,  froM  the  stajMipoint  that 

the  exact  Bubstrate  relation,  ru)  veil:  as  the  nutsber 

of  enayujes  concerned  in  lactic  acid  fermentation,  ie 

not  definitely  established.      In  view  of  our  in- 

OQiiplete  knowledge  of  tliese  factox-s.  it  seem  better 

to  base  avsr  terminology  ppen  the  chemic  JL  reaction 

induced,  rather  than  to  use  the  uoual  subetrivte 

notaenclaturo.      tTpon  thie  basis,  73uler  oVArcoiuea  the 

above  criticism,  by  applyin.;:  to  the  ensyzses  or  enzyam 

responsible  for  lactic  acid  ferrieniation  the  tenu 

"lactic  acid  bacteria  atysiase*,  in  agreoraent  with  the 

use  of  "zyi:ai8o"  for  "the  aua  total  of  the  enayi^^iea 

responsible  for  alcoholic  fer.vientation." 


Soiae  of  the  chaiapions  of  the  entrance  of 
intffr.-nedl'ite  atarjea  into  the  proco  io  jf  Irictic  .iciU 
rQi-^a?ntation,  have  proposed  naiaeft  for  the  enzyme  involved 
In  the  foraation  of  Inetic  acid  fi-oa  the  intermediate 
pra'Juct.      Dalcin  ^ynd  Diidley  (1915),  wh.,  accept  sietliyl 
Slyox.^  as  an  interr-cdiate  sta.-e  in  the  formation  of 
Iact:c  acid  m  the  animal  body,  apply  the  toru  --lyoxalase" 
to  the  ensyse  rosro' Bible  for  tlae  chtuige  of  tlilo  aldehyde 
to  lactie  acid.      veuberg  and  Kerb  (1915)  tori-.  t':e  feiviert 
e:iaR.::ing  nethorl  glyoxal  to  i>ietic  acid,  L  -ketomadcliyde-' 
mitaae-  (an  oxtennion  of  t}^e  terra  •aiae.^ydmtaae-  aiVen 
by  Parnas  (1910)  for  the  onaywe  aervine  in  the  Can^iauro 
react! 3B  of  aldehydes.), 

111.    Lactic  \cid  Producing  s'nayries  of  Lactic 
Acid  Bacteria, 

1.    ratare  of  ensynes  producing  lactic  adid 
from  oarbolxydrates, 

After  t  e  proof  of  the  ennymatle  nature 

of  l  ictlc  acl(3  fernentation,  questions  naturally  arise 

concerning  the  nature  of  the  enaym  concerned,  the 

ooquenee  of  the  reaetiona  Induced,  and  vrhether  laore 

than  ono  enaysie  ia  concerned  in  the  process  of  producing 

luetic  acid  fi-oa  sttgars. 

a.  ouestion  of  necesoity  of  the  preeence  of 
hydrolyzinn  enayiiet;. 

"ilthough  the  natia-ial  extracted  fron  the  cells 

of  l-ictio  acid  bacteria  by  Buchner  and  Keisenheijaer  and 

by  Herzog  produced  lactic  acid  from  the  dioaccharosea, 

sucrose  and  lactose,  there  le  a  certain  tendency  to 

aasune  tJ^at  the  en?:yiaef  directly  concerned  witii  production 

4#  lactic  acid  acts  only  upon  hexoaes,  according  to  tJie 

usupJL  fornula, 

C  n  0  2  C  IT  0 

G  32  C  3  C  3 

In  that  c  iSe,  other  carbohydrates  would  have  to  be 


changed  T&y  some  raeans  to  thst  form,  before  being 
acted  upon  by  the  lactic  ecld  bacteria  eynese .* 
This  aasuraption,  then,  requires  in  lactic  acid  bac- 
teria capable  of  Irctic  scid  fermentation  of  poly- 
cp-ceharoaeo  the  presence  of  cnrtohydrate  hydrolya- 
Ing  «n«yB»8  to  brlnp  about  thie  traneforraatlon. 

Very  definite  statenents  ar«  nvide  by  aaay 
aathorltlea,  (Oppenheimar,  ymn,  VhmT,  Hahn),  to 
the  effeet  that  laetle  aeld  basterla  that  ferment 
dlsaeeharoaea  always  possess  a  hydrolyslng  enayme 
which  first  converts  the  dl saccharose  into  Its 
hexose  components,  before  lactic  acid  fermentation 
taken  place.    It  is  probable  that,  at  least  In  most 
caseo,  this  hydrolysis  doee  occur.    The  followinR 
paragraphs  show,  however,  that  there  Is  little  or 
no  definitely  supporting  evidence  afforded  by  in- 
vestigation of  laetle  acid  bacteria. 

Certain  authorities  olalm  to  have  deoson- 
Btrated  the  preaenee  of  such  enaynies. 


»  The  material  use*  by  the  above  Investl- 
gatora,  then,  would  be  a  rnixtiire  of  at  least  two  en- 
aymea,  one  of  which  \«i3  a  carbohydrate  hydrolyaing 
enzyme,  nnd  the  other  the  true  lactic  acid  ensyne . 
As  a  matter  of  fact,  the  presence  of  invertase  has 
boen  reported  in  the  oaso  of  the  sucrose  fermentation 
organisra  used  by  Euchner  and  Uelsenhelaer . 


In  his  plonr>ei>  re-^ort,  ITueppe  {1C84) 
claimed  that  his  T5.  aoidi  1  tctici  fer,;iented  sucrooe 
and  lactose,  only  after  Jiydrolyais.      He  reports 
the  obserTation  of   >  change  in  rotation  of  sucrooe 
cultures.      Hueppe's  'vork  c:in  not  be  ac  epted  as 
pftoof  of  tVxc  presence  of  liydrolyzin^  enzy  iea,  tUtho' 
it  is  r)ro'b  hie  that  his  work  furnished  th    boAia  of  the 
empirical  statements  given  on  this  question  in  Lhe 
earlier  ti-xt  books. 

Bertrjind  and  co- workers  cljiira  to  have  proven 
an  endocellular  lactase  in  the  c  .se  of  B.  bulgfiricus. 
They  state  that  lactose  ia  by  thia  jaeana  first  converted 
into  glucose  md  calactoae,  before  production  of  lactic, 
acid,  and  that  failure   if  the  lactobacillus  to  fer-iuent 
iialtose  i3  due  to  its  lack  of  the  maltose  tmzyrao.  The 
daraonntr  ition  of  sucraoe  *n  the  caiie  of  B.  delbrfickii 
(compare  footnote,  p.        )  is  reported  by  Kruae.  Jensen, 
(1919),   alno  believos  that  the  lactic  acid  bactaria  attack 
dinaccharidea  by  endocellular  hydrolyoia:     "t}ie  enzy^ioa 
whlsh  hydrolyze  the  dlaaccharideB  ai-ipeor  to  be  endoenzywes, 
and  we  riiust  therefore  suppose  th  it  these  augru-e  are  taken 
in  (into  the  cell)  as  such,"      This  authority  cl.oiiiia  to 
have  observed  the  hydrolysis  of  lactose  by  old  cultures  of 
lactic  acid  bacteria. 

Tt  seems  certain  that,  if  lactic  acid  bacteria 
do  posnnss  enzymen  hydrolysinK  polya  .ccharoses,   those  auat 
he  entlocRl  lular .      Althou«'^h  such  enzynes  are  ususuLly 
exocellul-ar,   certain  other  wi cro-orgaiiiaras,  as  Uonilia 
Candida  and  some  yeiiats,  '•lave  been  shown  to  posseaa 
disaccharoae  splitting  enzymes,  which  are  strictly 
intracellular* 

The  evidence  on  the  question  of  whether  l^ydroljF- 

sis  of  a  disaccharoae  must,   in  ;ill  cases,  precede  the 

lactic  acid  f erciantation  reaction  is  by  no  means  all  on 

the  iMisltive  side. 

3uch  an  Iiypo thesis  would  lead  one  to  assume 
that  tha  lactic  acid  fer. uentatlon  of  a  polysaccharoae 
nhould  yield  the  saitie  products  as  v/ould  their  couponent 
hcxooes.      This  doea  not  .olw  lyg  occtir,   and  in  aoiae  caseo 
the  feriaentation  of  a  disaccharose  yielda  wliolly  uifi-c-ent 
products^  froti  t-oae  produced  in  the  fe  Mentation  of  its 
constituent  hoxones.      '^'his  is  particularly  evident  in 
the  investl.vMtion  of  firinbert  upon  the  products  of  the 
ferraentation  of  vrsrious  carboliydrates  by  the  aai;ie  lactic 


aci'1  ■brictevia  (See  "Other  producta" ) ,  In  view  of 
such  excertiono,  Kruae  and  TI.  Placber  beli«Te  that 
the  lactic  acid  fnrnentation  of  a  hight-r  nugiir  does 
rot  -.IwTyg  require  a  preceding  hydrolysis.  Their 
conclusions  are  pe^hapo  ojxin  to  t  '.e  crlticioia  that 
the  hexoseg  theiaselTeo  v^ry  in  their  availability  to 
1-ictic  acid  fermentation  en^y^s,  as  will  be  shovm 
later. 

In  an  e  irly  report, . Bourquelot  (10G3)  Btated 
that  iialtoae  and  sucrose  were  ferjiented  directly  in 
lactic  acid  f er  lentation.      ills  worlc  is,    ■owe'wer,  of 
great  interest  only  fron  a  historical  atandpoint. 

Qayon  and  T)uhourg  present  perhaps  the  best 
eviuence  that  there  are  lactic  acid  bacteria  -fhich 
do  not  'ydrolyse  dis acchoroaei;  prerioue  to  their 
f  er!  iQntatlon.      In  the  fermentation  oi"  fructose  by 
their  cultures,  j.iannitol  waa  one  of  the  producta; 
;-?hen  sucrose  Tras  f ennentod,  no  i.i;ir!ni  tol  w  fon-ied 
if  the  a  id  producto  'jrero  kept  neutralized.      On  the 
other  hand,  if  aucrose  w  ts  >ydrolyze     to  glucose  and 
fructo.:e,  and  the  invert  sugar  presented  to  the 
or;'anl8.ia,  uannitol  wao  produced.      ITroii  this  line 
of  evidence  they  concluded  that  theoe  organiaiia 
fermented  sucrose  directly,  and  an  such.      They  did 
not  believe  that  t'  e  aucrooe  f  ernenta >.lon  included  the 
action  of  an  endoceliul  ar  lactase,   aa  the  fructose 
thua  yielded  should  Gorve  as  a  substrate  for  Mannitol 
production.      Thoy  aluo  observed  that  in  sucrose 
fer; uentaticiS  in  ^fhlch  the  acid  producta  wore  not 
kept  neutralized, Manni tol  una  formed  In  tho  later 
periods  of  the  culture.      (Compare  "l.iannitol"  under 
"Other  Products")      "Dicy  believed  that  in  these  cause, 
the  lactic  and    icetic  acids  which  had  accu.iulaLed  in 
the  system,  hydrolyzed  the  sucrose;     and  that  tho 
iiannitol  had  been  derived  by  action  upon  t}»e  fructose 
thus  produced.      Gayon  and  Dubourg  clain  that  maltose, 
'actose  and  also  rafflnooe,  are  fermented  in  the  sa/ie 
v/'iy  by  their  cultures,-  without  previous  hydrolysis  to 
hexones. 

rJecently,  norc  conclusive  evidence  has  been 
resented  that  disaeeharoses  are  hydrolyzed  by 
appropriate  enzyiies  as  a  preliminary  stage  In  their 
l-iCtie  acid  fermentation  by  the  more  common  lactic  acid 
bacteria.      Avery  and  Cullen  (1920)  have  demonstrated  the 
presence  of  endocel  l.ul.a:  invertase  and  other  hydrolyzing 
enzy:«s  in  the  case  of  tvie  pneiijjo co c mis  (Which  io  itself 


a  lacMc  acid  organiara  rjpparently  closely  related  to 
the  raoBt  eooaaon  lactic  orranisw  of  the  aalry).  Ao 
evidence  of  the  fact  that  the  production  of  1  .ctic  acid 
from  disacchiroaes  is  n;t  due  in  this  cise  to  an 
iinraeJiate  attuck  upon  the  12- carbon  aucar,  it  my  be 
pointed  out  that  the  enzjpne  material  used  in  their  testa 
Induced  hydrolyaie,  Uut  did  not  brinj  about  the  produc- 
tion of  icid.      The  l-actio  acid  2y::i-i8e,   if  lib  rated, 
proved  less  stable  to  the  conditiona  of  their  experiuent, 
than  Jid  the  bydrolyaing  enssyaea  present  in  mhe  enzyiae 
Ixture. 

The  poosibilitieo  of  auch  differenceo  in  the 
at  ibility  of  t^ie  mem'bi=)r8  of  enzyiie  coaplexea  or  enzyme 
laixturea,  are  auggestiTe  of  the  difficulties  to  be 
encountered  in  inveatlsationa  of  interraediate  products 
of  microi'ial  reactions. 

The  hydrolysis  of  aisaccharosea  into  hexoseo 
before  their  utilization  by  cells  is  supported  by  tlie 
wor!;  of  S.  Fischer  md  r.indner,  and  by  the  phenouen^ 
of  general  prjyaiolo.Ty,  the  followinii  conclusion  cf 
nogon,  Clark   md  Tiavis  Beei.is  well  founded  and  furniahet 
as  definite  a  otatej.ient  as  can  be  K;ade  uron  this  question. 
In  discusslr;;  the  f ori.iontation  of  sucara  by  I  tctjo  acid 
baotorla  of  the  acid  gaa  group,  t;.ey  st  .te:     "It  is 
fenerally  assuxiied  that  gubstancea  like  sucrose  .Mat 
be  hvdroll;'.ed  before  constituent  {jlucose  or  fructose 
can  be  utilized.      -^hile  definite  evidence  of  this  is 
lacl^inc  we   ;ay  a.-.suije  it  to  be  true." 

Othfir  consorT'itive  anJ  reliable  authorities 

concur  with  this  conclusion  that  probably,  at  le  ist  in 

the  case  of  most  lactic  acid  bacteria,  the  particular 

hydrolyzlns  enzyraes  are  preaent  when  dlsaccharosee 

undergo  lactic  acid  fermentation.      This,  of  course, 

does  not  preclude  the  possibility  of  exceptio  13  in 


the  case  of  soae  lactic  acid  bacteria. 


b.  Snsynes  inrolTed  in  "aoid  gas"  fer- 
mentations . 

The  explanation  of  the  oharnoter  of  the 
ensyias  or  enzyisss  inyolved  in  aixod  la«tio  aoid  fer> 
mentations  has  been  eren  more  difficult.  The  gradu- 
al development  of  the  interpretation  of  the  nature 
of  the  enzymes  involved  In  the  acid  gas  type  of  lac- 
tic acid  fermentation  is  evident  in  a  euramary  of  the 
vork  of  Harden  and  Orey  already  reviewed . 

Harden  and  Penf old ,  at  the  tine  they  pro- 
posed the  aeries  of  eqxiationa  given  under  "Chemical 
Chnnpes",  aissuraed  the  preaence  of  three  enzyraea,  each 
responaihle  for  a  particular  reaction  yielding  differ- 
ent products.    Grey,  in  1910,  produced  evidence  in  sup- 
port of  this  theory,  by  means  of  showing  a  difference 
in  the  influence  exerted  by  various  factors  ut>on  the 
rates  of  the  reactions  of  the  different  ensyraes.  At 
that  time  he  reached  the  conclusion  that  the  "enzymes 
of  B.  coli  are,  partly  at  least,  independent  of  one 
another  in  their  action;  degradation  of  glucose  is 
brought  about  by  means  of  these  independent  enzymes 
acting  either  simultaneously  or  consecutively."  His 
later  papers,  (1919,  1920),  reviewed  above,  give  such 
conclusive  evidence  of  the  independence  of  these  en- 
zymes that  one  is  led  to  believe  that  the  production 
of  lactic  aoid  in  acid  gas  fermentation  may  well  be 
the  result  of  an  enzyme  not  different  from  that  in- 
volved in  true  lactic  ecid  fermentation.  The  presence 
of  ensyraes  yielding  other  products  is  apparently  lae^re- 
ly  a  characteristic  of  the  species,  rather  than  of  the 
type  of  fermentation. 

No  evidence  can  be  given  to  show  that  other 

enzymes  are  Involved  in  the  production  of  lactic  acid 

in  acid  gas  fermentation  than  those  functioning  in 

the  production  of  that  substance  in  "true"  lactic  acid 


fermentation . 


e.  Complicationa  introduced  by  other  factors. 
The  question  of  intermediate  aubataneea 
also  complicates  on  analyaia  of  the  nature  of  the 
lactic  ucid  predooin?  enzymes,  as  It  introduces  a 
•poasiTjillty  of  seT«ral  enayraes  being  concerned,  eren 
In  the  "true"  lactic  acid  fermentation  of  a  hexose. 
The  different  optical  forma  of  la«tic  acid  produced 
present  further  questions  eonceming  the  unity  of 
th»5  lactic  acid  enasyn* .    (These  will  be  discussed 
under  "Stereoeheraieal  Lactic  Acid  rertaentation.*) 

In  concluding  a  diseusaion  of  the  enzyns 
or  ensyoes  responsible  for  the  production  of  lactic 
acid  from  carbohydrates,  it  is  well  to  remember  that, 
althotigh  lactic  acid  fermentation  may  be  regarded  as 
established  as  an  ensyrsatic  process,  it  is  by  no 
means  certain  by  just  what  enayne  this  is  brought 
about,  or  wfaathsr  more  than  one  ensyas  is  concerned. 

d .  Fkgrsiologioal  function  of  lactic  acid 
bacteria  syaase . 

As  stated  before,  in  the  discussion  of 
thr  significance  of  the  energy  change  broxight  about 
by  the  reaction  Induced  by  the  lactic  acid  bacteria 
ayaase,  lactic  E.cld  fermentation  is  most  important 
as  a  means  of  fumishinisr  energy  to  the  lactic  acid 
bacteria.    Hence,  although  the  physiological  func- 
tion of  perhaps  most  enzymes  is  exerted  in  the  pre- 
paration of  available  food  for  the  cell,  the  essen- 
tial function  of  the  lactic  acid  bacteria  symase  is 


the  preparation  or  release  of  energy,    it  is  not  In- 
Tolved  in  the  material  nourishment  of  the  cell,  (its 
products  do  not  serve  as  food),  other  than  in  the 
fumishinpr  of  energy  for  other  life  prooesaes,  soM 
of  which  are  endothormie . 


2.    Bnaymea  producing  laotio  acid  from  ni- 
trogenous material. 

Some  lactic  acid  bacteria  seem  to  possess 

an  enzyrae  capable  of  converting  certain  nitrogenous 

substances  into  lactic  acid. 

In  experiraents  of  Kayser.  (ref.  Duclaux), 

in  which  he  added  peptone  to  certain  sugar  solutions 
sooe  of  his  lactic  acid  bacteria  produced  raore  lactic 
acid  than  could  have  been  derived  from  the  sugar  alone. 
He  believed  that  this  increase  in  acid  could  not  be 
explained  otherwise  than  by  the  conversion  into  lactic 
acid  of  some  of  the  nitrogenous  material  introduced  in 
the  form  of  peptone.     Kayser has  also  observed  produc- 
tion of  lactic  acid  by  lactic  acid  bacteria  in  1%  to 
2/s  solutions  of  Chapoteaut  peptone,  which  solutions 
gave  positive  Fehling  tests  neither  before  nor  after 
boiling  with  hydrochloric  acid.    Koestler  also  reports 
lactic  acid  formation  from  peptone  by  his  laetobacilli . 

Scae  authorities  explain  the  increase  in 
lactic  Eoid  content  of  certain  cheeses  during  ripen- 
ing stage,  after  complete  disappearance  of  lactose, 
by  assuaing  the  ability  of  lactic  acid  bacteria  to 
produce  lactic  acid  by  action  on  casein. 

The  conversion  of  at  least  the  simpler  ni- 
trogenous substances  into  lactic  acid  is  not  difficult 
to  accept,  in  view  of  the  easy  conversion  of  some  a- 
aino  acids  into  lactic  acid.»  fSee  "Substrate"). 


*  Formation  of  Tactic  acid  in  animal  tissue 
is  apparently  not  dependent  upon  enzymes  acting  upon 
nitrogenous  zaaterial.    See  following  pages,  under  "Sub- 
strate". 


3.    Substrates  of  lactic  acid  producing  enayms. 
a.  General  diacuaalon,  with  table. 

Lactose  vAB  the  substrate  of  the  first 
observed  lactic  acid  ferraentations,  but  it  was  soon 
found  that  many  other  subatanees  underwent  lactic 
acid  fermentation.    In  the  extensive  inveatigatlons 
of  W.  Hennenberg  upon  the  ability  of  many  species  of 
lactic  acid  bacteria  to  fenaent  different  substances. 
It  was  found  that  all  species  investigated  by  hia 
fermented  glucose,  fructose  and  galactose,  most  of 
them  also  lactose,  nmltose  and  sucrose;  a  few  fer- 
Kented  pentoses,  dextrin  and  starch,  while  nany  ferw 
aented  polyvalent  alcohols,  as  glycerol  and  nannitol. 
In  the  literature  of  lactic  acid  fermentation  are 
reported  other  extensive  investigations  of  the  sub- 
stances from  which  lactic  ncid  is  produced  by  lactio 
acid  bacteria.    A  most  extensive  literature  exists 
in  regard  to  fermentation  of  different  carbohydrates 
by  the  B,  eoli  group.    It  belongs  n»re  properly  to 
sanitary  bacteriology  than  to  aprieiiatural  lactic 
acid  fermentation.    3ee  "Classification  of  Acid  Oas 
Croup". 

Jensen  (1919)  furnished  fermentation  char- 
acteristics exhibited  In  many  carbohydrates  by  330 
strains  of  "true"  lactic  acid  tacteria. 

Fred  and  SLSsociates  report  on  the  ability 
of  their  pentose  fenaentera  to  attack  a  variety  of 
c  arbo  hydrate  s . 

A  eoraplete  review  of  this  material  is  not 
pertinent  to  this  discussion. 


Welgaarm,  (1910,  p. 100).  has  compiled  a 
table  of  the  carbohydrates  serving  aa  eubetratea  for 
a  number  of  species  of  lactic  acid  bacteria.    The  ta- 
ble glren  below  presents  some  of  the  aaterial  from 
Weigmann's  compilation  and  also  tho  results  obtained 
from  later  investigations . 
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AUTHORITY 

Hueppe* 

IiAiohnyann 

She  man 

and  Albus** 


+  + 

+  + 
+  + 


-  +• 


+  -  - 
♦  -  - 


Pred  and 

associates 
Bertrand  and 

Buohacek 
Rahs 


Leichmann* 


*  Taken  from  Weignann's  table. 


♦»  Signs  indicate  reaction  of  majority  of  strains- 
figures  show  ration  of  positive  to  negative  results.' 


b.  Other  oartohydrates  aouwUraea  aerrinff 
aa  aubatratea.  ** 

ether  carbohydrate 8  than  thoae  rnentioned 
abore  may  aerre  as  subatroteg  for  laotic  aold  produc- 
ing enaymea.    Organic  acids  and  their  salts  are  fer- 
cjented  to  lactic  acid  by  certain  bacteria. 

^.    Saifart  and  Rosenstiehl  have  both  observed 
production  of  lactic  acid  by  b.^cterial  ferraentltiln 
J"^**'  and  Darenport  report 

f?!  pentose  bacteria  to  convert  loa- 

lle  acid  into  laotio  acid. 

e.  iJpecificlty  of  lactic  acid  baoteria 
ensjasa. 

It  is  seen  that  oarbohydratae  of  dlTerae 
ohealoal  constitution  and  configuration  serfe  aa  8ub> 
otrates  for  the  lactic  acid  producing  enzyawss  of  lac- 
tic neld  bactorla.    Thia  renders  ratlier  difficult  the 
strict  appllention  of  the  older  theories  of  specific 
relation  of  enzyme  to  substrate.    This  phenomenon, 
howeror,  is  not  in  discord  with  nore  laodom  theories. 
The  Bymase  of  the  lactic  acid  baoteria  exhibits  Bay- 
lies •  "naster  key"  relation  to  different  substrate* 
and  furnishes  an  exaniple  of  Beatty's  "group  cpeeifi- 

olty"  but  it  does  tills  to  a  much  greater  extent 

then  do  raany  other  coiurcon  enzyoes. 

aoreorer,  it  is  evident  from  the  above  t»- 
bln  that  the  enzymes  of  different  lactic  acid  bacteria 
differ  In  their  ability  to  attack  different  substrates. 
Weifrmann  explains  this  frora  the  standpoint  of  the  lock 
and  key  theory  of  ensyne- substrate  relation.    He  as- 


.umes  that  different  lactic  acid  bacteria  produce 
•n.y«.  of  different  stereochemical  configuration,  and 

that  the  ability  of  a  .pedes  to  produce  lactic  acid 
from  a  certain  sugar  depends  upon  Its  possession  of  an 
enzyme  of  spatial  configuration,  the  laage  of  that  of 
the  substrate.    Such  an  ...u,,^tlon  is  conditioned,  how- 
erer.  by  the  aboTe  nodein  conceptions  of  enayme  apeci- 
flclty. 

d.  Origin  of  lactic  acid  in  animal  tissue. 
The  occurrence  of  lactic  acid  in  auscle 
tissue  is  well  icnown.     -The  reaction  of  an  inactlye 
llTing  muscle  le  alkaline,  but  upon  the  death  of  the 
muscle,  or  after  the  continued  aotiyity  of  the  «u8cle. 
the  reaction  becomes  acid,  due  to  formation  of  lactic 
acid.-    It  may  be  asauaed  with  safety  that  this  pro- 
duction of  lactic  acid  la  also  an  enzy««tic  reaction. 
The  substance  from  which  the  lactle  acid  le  formed 
■mat  be  the  substrate  of  these  en«yoes.  Different 
opinions  are  held  regarding  the  substance  from  which 
lactic  acid  arises;  .eme  authorities  claim  that  the 
muscle  carbohydrates  serra  as  the  substrate,  others, 
that  protein  substances  furnish  the  substrate.  -The 
strongest  eTldence  fawors  a  carbohydrate  source.- 
(HMrtc). 


bohydrate  JJlgin"**"^"^  Investifrator.  aupport  car- 

Splro    1877,  z.  f.  Physiol.  Chen      I  itt 
Hoppe  Seyler  and  co-wrkera.  fSSi:i8^4"^- 

xix*"*  ^n-.  ^.  xvi.  XVII, 

Lu.k  and  ^deV  1905,  Mer.  Jour..  Phy.lol..  ' 
Levene  and^^^yer,  1912,  Jour.  Biol.  Chen..,  XI. 
Hawk,  1918.   "^hyelologlcal  CheBl.try",  371. 

supportere^?  J-t\rn-,5»j;!*fc%d"^^^^^ 

Mlnkowkl,  Areh.  f   Sxp.  Path.  u.  Pharm.. 

Neuher.  -  -J.stei^-i9^-.  Vei!^^:  P^;i^f ' 

IV.    Enzymes  of  other  Metabolic  Proeeaaea  of 
lactic  Acid  Bacteria. 

1.  Nltrogenoua  substance  hydrolyzing  enzymea. 

a.  HSle  in  the  metabolia-n  of  lactic 
aoid  bacteria. 

In  lactic  acid  fermentation,  the  enzymes 
acting  upon  nitrogenous  aubstaaees  are  important  aa 
a  means  of  furnishing  the  lactic  acid  bacteria  mater- 
ial for  growth  and  for  cell  aubatanoe  rather  than  in 
the  direct  production  of  lactic  acid.    Chemical  anal- 
yaea  of  lactic  acid  bacteria  ahow  that  their  cell 
substance  la  largely  nltrogenoua  material,  jfor,. 
orer.  Burton  and  R.ttger  and  othera  claim  that  In 
nedla  containing  both  protelna  and  augurs,  (as  Is 
the  case  1„  the  media  of  lactic  acid  fermentation), 
the  sugar  fumlahea  the  required  energy  and  the  nl- 
trogenoua material  fumlahea  the  aubatanoe  required 


for  growth  and  for  the  building  of  cell..    Henee,  it 
18  beet  to  eonelder  these  en.yw.  from  the  standpoint 
that  their  substrates  are  n»st  important  as  a  source 
of  cell  substance  for  growth  and  reproduction.  It 
follows  that,  in  many  aedia,  the  ability  of  these  en- 
zymes to  render  the  nitrogenous  n«terial  arailable 
to  the  needs  of  the  raetabollBtn  of  the  lactic  acid  bac- 
teria will  largely  determine  the  phyBiologieal  effi- 
ciency of  all  their  life  processes.  Including  the 
lactic  acid  forming  enayraatlc  processes  discussed  a- 
bove . 

b.  £nsynes  attacking  derired  proteins 
and  peptides. 

(1)  Stimulation  of  "peptone"  in  medium. 

It  will  be  shown  later  that  an  increase  in 

the  -peptone-*  content  of  the  sugar  media  in  which 

lactic  acid  bacteria  are  growing  usually  results  in 


*       ^^P?'*^"^  the  data  of  different  inres- 
tlgators  of  the  nitrogen  metabolism  of  lactic  acid 
bacteria,  it  is  difficult  to  escape  the  use  of  the 
misleading  term  -peptones',  which  they  have  applied 
to  the  yarious  nitrogenous  substances  contained  in 
comraercial  peptone.    This  use  of  the  word  is  objec- 

!«?^'v  ^?  «/l8°««»8ion  of  action  of  enxyrnes  of 
lactic  acid  bacteria  upon  different  nitrogenous  sub- 
stances, since  it  has  been  shown  that  commercial "pep- 
^?e?la?°!?J^il!  S  °?"""«'able  amount  of  nitrogenous 
material  of  much  simpler  nature  than  peptones  or  pro- 

aJ^i«^;*,'^n*r'':x-'^''**«*'  tjiat 
t w^^-^  siranler  nitrogenous  substances 

T^il  ^T«f™^f    ""^A^  utilized  in  bacterial  metabolism. 

T!^,^    considered  in  the  interpretation  of  the 
arailnbility  of  different  nitrogenous  materials  to 
enzymes  of  lactic  acid  bacteria. 


M  leaet  a  ler,e  pa.t  of  thia  oti.ulation  of  acti.l, 
ty  Of  t.e  or,^,.^.  ,3  oonalae^a  to       au,  to  aaa.. 
^oo.  ^a„e  Of  the  ^^^^ 
-aiu.  ^^^^ 
ter).  then.  ^ 

ence  of  en^a  capable  of  attain,  and  utili.i,^ 

tha  ni^i^r  nitrogenous  aubatances. 

(2)  Bemonatration  of  their  action  bv 

»«aaure™ent  of  their  prJduJta . 

tone  broth'^^J^p  ^'acUcuJ°r'  ^"  pep- 

PepW  ,ith  ^o?^aJ»a^Sn^^\„^\-  -^^^^^^^ 

Of  aorenaen^s  J?J2^Se*Jhn.°^^f  ^  »ea.urementa  and 

nwn  lactic  acid  bacteria  brln^  ^k^**?!  ooa- 
theae  aimpler  protein  der?Jl?JvS°bi  fS*  J°^tlon  of 
of  the  above  derived  proteins  ff?  degradation 
and  in  the  absence  of TJe^^lj^,  i"?  1«>*  (H*) 

measured  the  nroduotLn  "'^"^^^le  sugar  .  it«no 
Jroth.    He  foi«3  ari^crSLJi;?%^^f  ^"  pepto^ 
trogen  and  a  deoreS.fjrfH^)^?/*^!  titrating  ni- 
lacticua.    The  difference  in  «™    ^i^^urea  of  3trep. 
foraied  by  this  common  ?Stic  nTiTi" 
a  Tirulent  strain  of  ati^o  ^  baoterium  and  by 

to  influence  of  fo^er^JIgu^^Jj^i!"'  ^  ""'^^utes 
on  their  formation  of  pJ^Jeol^tL  e'S^^e::^""'"'' 

elearage ,  ^-e*J?hf r^rlS?f Protein 
-nstrated  peptone  ..^^^T.^on  £;%"?rij!^?i 

tldea  pepJ^Se^a!**:^,"  Z^tUl^  fJ^^J"  attacking  oep. 
raaterial.  niay  be  aaai,^^  *    ?  derived  proteir 

BlCTiflcanee^o  t?e  SSi^iiL?'*'''^"*  be  of 

as  Strep,  lacticua.  bacteria. 

such 


part  of  thfTiiSItlgliEloS  t'n'h/^*"  conatltuto.  a 
of  thlB  work.      «^*8«*ion  to  be  reported  In  Part  II 

In  an  probability,  the  en^a  of  many 
lactica  aho-  a  eeleotlre  preference  for  certain  of 
the  Blmpier  peptide  con.tituenta  of  -peptone",  u 
l«en  Shown  by  Aviry  and  C.Uen  that  the  proteo- 
lytic  en^a  of  p„e„n»cocci  attack  with  greater 
aridity  -peptones-  of  lea,  complexity.    (The  An«r- 
lean  commercial  peptonea  are  further  hydrolyaed 
than  the  old  «ritte  product.) 

c.  Knzymes  hydrolyzing  priraary  and 
conjugated  proteins. 

(1)  I.-aportanco  of  their  presence. 
Although  the  presence  of  ensyraea  further 
hydroly.l„^  peptides,  (at  least  under  optimum  oon- 
dltlons).  may  safely  be  assumed,  the  question  of  en- 
»ymsa  attacking  higher  proteins  la  a  «uoh  disputed 
question.    The  presence  of  such  enaymes  m  the  lac- 
tic acid  bacteria  beeo»e,  „^  i:nporta„t  In  sereral 
agricultural  lactic  «,ld  fermentations,  especially  m 
the  ripening  processes  of  cheese  making.    A,  eaeeln 
18  probably  the  ^st  important  protein  in  the  ».dl. 
of  agricultural  lactic  acid  fermentationa,  the  fol- 
lowing  dlacusoion  of  these  enzy«a  will  fee  directed 
largely  to  the  action  of  lactic  acid  bacteria  upon 
this  conjugated  protein.    That  oaaeln  is  a  substance 
relatively  reaiatant  to  bacterial  attack  1.  definite- 
ly established. 


P«.™.»  .„.™,  ^^^^^ 
teine  aueh  as  oaaein. 

.MC.  ...JV"  """"  """"^  """"^  "-^ 

("-"y  Of  whl.1.  ^ 

lacti,  ^^^^^^  ^^^^^^^^ 

.«».  ««  po..«.  ,,„t.„xni.  .„.y™. 

"t.r.   (».m..  ^^^^^^^ 

'•»t  th.  .„te„y.,,  ,„^.  ^^^^^^  ^^^^ 

-«ny  .f  the  .„.o.„,a  .u,„.ryi^. 

t"i..      „.  „,a.  i„ti,i  ii,u.f..i.„,.  „.  .„ 

named  heeauas  of  tvwii-  n^** 

««latln  rathar  than 

on  eaaaln  (Kayaep,  1915). 

Be.lda.  „»„,era  or  the  fourth  group  of  lao> 
tic  acid  .acterla.  of  the  laeto.aclin  eae»  to 

possess  e„a3m«s  capable  of  hydroly.l„^  ca«el„. 
tings.  Bran,         Hart.  Barthel  (1913).  Bertrand 
co-crlcerB.  Pl„.elatal„.  a„.  ^ther,.  hare  observed 
utilisation  Of  the  casein  m  ndl.  cultures  of  the 
bulgarlous  group. 


In  the  ease  of  nany  of  the  ooramon  lactic 
acid  bacteria,  especially  the  Strep,  lactlcua  group, 
conflicting  clRims  ar«  mde  concerning  their  poeae.aion 
of  enzynss  hydrolyzing  proteina  like  casein. 

fe«.«*  lactic?  appear  to  be  indif- 

f^^fJ°**^*'.?r''®"''®  '•^        Wisher  proteins.  In 
experinents  with  Strep.  lacticusT  Barthel  (lois) 
V«iffniann  (1893),  Sehiroklch,  and  Oorini    did  not  ^h^-T^- 
JXaS^L'S'JjS'f  y'Steclytic'actlon^Sn'caaei""*  i^ri'Jll 
r.loh  and  Thoni  U904)  reported  aueh  stronger  proteoly! 

J^f^Mj^^^^v^''^^  'trains  of  the  eomoj* 

if  JJStir??f.^^°'*\^/^^^"«*"*  degradation  of  SSJin 
flartnei  s  (1919}  latest  investigation  with  a  mimk-T.  «*• 

«ij;i"L'J?T*\*'**  the  aMlity^f  Soal  SmSe^r^rtSL 
group  to  attack  casein  in  a  neutral  laedium  ie  greater 

worlcera  found  that,  although  some  of  his  lactic  acid 
haeterla  were  practically  without  action  on  easel S 
others  were  able  to  hydrolyse  this  ?ro?Sin  wUh  toe 

j£rrJie"lL^?«'"''L*  co^opounds.  pj;Vid:d 

tliat  the  lactic  acid  (produced  from  the  lactose)  was 

liti  obtained  Ukfie^^. 

with  the  luotobHclllus,  73.  easel. 

(3)  Posslhllity  of  latent  ensyraes. 
In  support  of  sirailar  results,  Mass  olaims 
that  mny  lactic  acid  bacteria  possess  the  ensyme 
easeaae,  but  that  this  ensyme  usually  has  only  a 
•light  aetien,  because  it  is  soon  inlilbited,  after 
the  alik  reaches  a  certain  (H*).    ^uite  the  same 
conclusion  is  reaehed  by  Weigraann  (1910),  who  states 
that  a  degradation  of  ossein  or  easeinogen  occurs 
with  most  true  lactio  acid  bacteria  only  if  the  acid 
produced  is  kept  neutralised.    Jensen  makes  a  elmilar 
stateaent. 


(4)  Factors  conditioning,  and  often 

inhibiting,  proteolytic  enayraee. 

(a)  (11+) 

Prora  this  standpoint,  even  the  coraaon 
lactio  may  posseea  protein  taydrolysing  enzyiass  whloh, 
honerer,  in  many  eases  are  injiibited  in  their  casein 
attack  liy  the  (H*)  resulting  frora  the  production  of 
liustie  acid  'by  the  action  of  the  zymse  upon  the  su- 
gUT  in  the  raedlura.    This  inhibitory  influence  of  (H*) 
upon  the  proteolytic  enzymes  of  lactic  acid  bacteria 
Is  In  accordance  with  established  (H*)  aones  which 
lliait  the  actirity  of  enzymes.    Upon  the  basis  of  the 
abore  assTiniption,  Gorini  (1915)  goeo  so  far  as  to  sepa- 
rate his  "ncidoproteolytic"  lactlcs,  which  are  able  t^ 
attack  casein  in  acid  oonibination,  from  tho  nwre  eon- 
aon  "alkalinoproteolytio"  lacties»  which  he  assumes 
can  attack  casein  enly  when  in  alkaline,  or  at  least 
neutral,  systems. 

Besides  tliis  direct  action  of  (H*)  upon  the 
•nzynsa  Itself,  it  is  possible  that  in  high  (it**) 
chnnges  in  the  oondltion  of  the  protein  substrate  ren- 
der it  less  aTailable  to  the  lArtletQar  enzyaes.  Haze 
beliered  that  the  ehange  of  the  easeinogen  from  its 
former  oolloidal  solution  state  made  the  casein  less 
susceptible  to  tbs  aotion  of  the  assuned  oasease  en- 
zyme.   This  is  of  doubtful  import. 


(b)  Influence  of  presence  of  fermen- 
table sugar  upon  proteolytic 
enzyroes . 

The  presence  or  absence  of  a  fermentable 
Biagar  may  determine  whether  or  not  active  proteolytic 
anzyraea  are  secreted  by  the  lactic  acid  bacteria. 
This  my  be  considered  due  either  to  a  protection  af- 
forded the  protein  through  the  selective  action  of  the 
bacteria  for  the  sugar,  or,  aa  suggested  above,  to  the 
(H*)    which  results  from  the  production  of  lactic  acid 
from  the  sugars  when  present,  and  which  prohibits  the 
functioning  of  proteolytic  enzymes. 

Many  InTestigatlons  of  the  influence  of  the 

presence  of  fermentable  carbohydrates  upon  proteolytic 

ensymes  are  reported  in  the  literature. 

Kendall  is  one  of  the  staunohsst  suT>norters 
of  the  sparing  action  of  sugar  upon  the  protein  meta- 
bolism of  baoteria.    ISf front  states  that  fermentable 
carbohydrates  exert  a  profound  influence  upon  the  pro- 
teolytic enzymes  of  lactic  acid  baoteria.  Although 
many  lactobacilli  possess  quite  limited  proteolytic 
activity  in  milk  and  other  sugar  niedia,  Affront  be- 
lieves that  these  lactic  acid  bacteria,  if  present  in 
a  nitrogenous  afidlum  in  which  sugar  is  absent,  will 
act  in  a  different  manner.     "The  ferrnent  here  finds 
no  more  sugar,  and  so  it  produces  no  lactic  acid;  but 
its  proteolytic  aetlTlty,  which  foroBrly  was  entirely 
latent,  is  now,  on  the  contrary,  accelerated.  The 
bacterium,  which  was  at  first  a  very  excellent  ferment 
for  carbohydrates,  has  become  a  ferment  for  nltrop^enous 
materials;  it  secretes  tryptases  and  araidases  abundant- 
ly and  thoroughly  transforms    the  residues  from  albumi- 
noid foods." 

However,  the  present  tendency  is  to  explain 

the  greater  part  of  the  influence  of  the  presence  of 

fermentable  carbohydrate  upon  proteolytic  enzynss 

upon  the  basis  of  (H'*')  rather  than  upon  a  sparing 


action  of  the  sugar  Itself. 


Benaan  and  Rettger  state  thafthe  (H*)  plays 
the  iraportant  role  in  the  inhibition  of  nitrogen  neta- 
Dolisa  in  a  aedlura  containing  a  fermentable  sugar 
The  failure  of  certain  organisms  to  attack  proteins 
in  the  presence  of  carbol^rdrates  .....  is  depen- 
dent on  a  coincident  rise  in  the  acidity  of  the  medi- 
um." 

Significant  production  of  encjnaes  attack- 
ing higher  proteins  is  helisTed  to  be  delayed  and, 
with  most  micro-organisina,  to  occur  only  after  laeta- 
bolism  of  more  readily  utillaable  substances  hat. 
afforded  considerable  growth.    »ith  certain  micro- 
organisms, apparently  with  common  lactics,  the  ae- 
tabollsm  of  the  more  arailable  substances ,( it  is 
established  that  a  fermentable  sugar  is  most  arall- 
able  to  lactic  acid  bacteria),  nay  result  in  envi- 
ronoental  conditions  inhibiting  the  micro-organism 
before  protein  attacking  eneymes  are  produced. 

Upon  this  basis  may  be  offered  a  dynamic 
explanation  of  the  influence  of  oarboliord rates  upon 
protein  n»tabolism;  ttie  difference  in  ability  of 
different  mlero-organlsms  to  attacV  protein  in  the 
presence  of  fermentable  carbohydrates  depends  upon 
the  relative  speed  of  formation  and  action  of  the 
ensymes  attacking  these  substances.    In  case  of 
many  lactic  acid  bacteria,  where  the  equilibrium 
point  usually  existing  is  to  the  disadTantage  of 
protein  metabolism,  it  may  be  displaced  by  changes 
in  the  enTironraent  system.    This  is  manifested  by 


th«  ftinotionlng  of  proteolytic  ensyaea  of  many  eom- 
raon  laotics  in  a  heavily  "buffered  mediua,  eren  In 
tb»  presence  of  a  feziaentable  sugar. 

(5)  Evidenoe  from  applied  lactic  aeid 
fermentations . 

(a)  Microbial  association. 

The  question  of  an  enasyme  attacking  casein 
or  caseinogen  is  again  of  interest  in  a  study  of  the 
microbial  association  in  lactic  acid  fermentation  of 
milk.    Although  this  will  be  discussed  later,  it  may 
be  stated  here  that  many  laetio  acid  bacteria  seem 
to  be  limited  In  their  growth  In  milk  by  the  content 
of  simpler  nitrogenous  iroiterlal,  and  to  be  dependent 
uton  the  enzymes  of  associate  micro-organisms  for  an 
adequate  supply  of  this  part  of  their  food.  This 
seems  to  offer  further  eridence  that  if  these  lactic 
acid  bacteria  do  possess  an  enayws  capable  of  hydro- 
lyzing  the  protein  casein,  it  is  not  aotiTe  under 
the  usual  (H*)  conditions  prerailing  during  lactic 
aeid  fermentation  of  ailk. 

Further  suggestions  on  the  ability  of  l»o- 
tia  acid  bacteria  to  utilise  casein  is  giTsn  in  the 
following  discussion  of  the  role  of  their  ensymes  in 
the  curing  of  obeese. 

(b)  Cheese  ripening. 

The  ability  of  lactics  to  l^rdrolyze  casein 
is  an  important  question  in  the  ripening  of  cheese, 
but  the  exact  significance  of  enzymes  of  lactic  acid 
tacterlB  in  the  changes  which  occur  in  casein  during 
the  curing  of  cheese  is  not  definitely  established. 


Certainly  it  Is  different  in  the  various  types  of 
cheeses  and  depends  upon  many  faotora  introduoed  by 
the  different  maVing  and  curing  processes  to  which 
the  coagulated  casein  is  subjected. 

The  rSle  of  casein  attacking  en«yn»8  of 
lactic  acid  bacteria  in  cheese  ripening  must  Tary 
with  the  conditions  given;  its  interpretation  is  dif- 
ficult and  the  reports  of  many  Investigators  are  at 
rarlance . 

Preudenroieh  and  Jensen,  much  of  whose  work 
has  been  concerned  with  limraenthal  cheese,  have  ascribed 
great  Iniportanee  in  cheese  ripening  to  action  upon  ca- 
sein by  enzjrraea  of  lactic  acid  bacteria,  especially  of 
lactobacilli .    Orla  Jensen  (ref.  Barthel,  1915b)  auras 
up  their  position  on  this  question  as  follows:   "It  is 
the  lactic  acid  bacteria,  and  anong  these,  at  least  in 
Stamenthal  cheese,  especially  the  lactobacilli,  which 
play  the  rrincipal  role  in  the  decomposition  of  the  ca- 
sein,"   This  he  elaima  is  brought  about  by  an  endoen- 
»yme  freed  from  the  cells  of  lactobacilli  by  autolysis. 

Hastings  and  associates  suggest  presence  of 
casein  attackincr  enzymes  by  this  group.    They  showed 
that  lactobacilli  ^nultiply  in  Cheddar  clieese  after  the 
lactose  has  heen  consumed  (largely  by  the  lactic  strep- 
tococci).    'Since  they  (lactobacilli)  develop  after  the 
f erijentation  of  the  milk  sugar,  they  -aust  have  some  oth- 
er source  of  carbon  and  of  energy  than  milk  sugar",  and 
casein  hydro lyzing  enzynies  are  5)robably  functioning  in 
the  preparation  of  casein  for  that  purpose. 

Barthel,  (1915b) .accepts  the  inportanoe  as- 
signed by  Jensen  to  the  oasease  of  lactobacilli  but, 
in  addition,  would  attribute  a  significant  r8le  to  sim- 
ilar enzynies  of  otrep.  ).aetious.     "In  view  of  the  fact 
that  in  many  hard  cheeses,  otrep.  lacticus  predominate, 
at  least  in  the  first  few  months  and  since  the  cheese 
is  usually  held  at  15-20°  C.,  it  seems  that  they  should 
be  assigned  more  importance  in  the  rioening  process  than 
Is  usually  given  thea."    Jensen  (1919;  agrees  with  Bar- 
thel. 

The  .^oeriean  investigators  of  Cheddar  cheese, 
(Hastings,  Bvans  and  Hart  (1912),  Hart,  Hastings,  Flint 

and  Evans  (1914)  ),  while  "certain  that  the  (Strep,  lacti- 
cus) P.act.  lactic  aoidl  group  is  an  essential  factor  in 
the  ripening",  seem  to  attribute  ttese  lactlcs*  rols 


chiefly  to  Indirect  action  of  the  lactic  acid  produced 
t)y  the  lactic  acid  zymase.    The  role  of  lactic  acid 
bacteria  in  the  ripening  of  auch  cheeses,  in  which 
considerable  lactic  acid  fermentation  takes  place  dur- 
ing the  maVing  process,  la  not  limited  to  the  action 
of  their  casein  hydrolyzing  enzymes.    A  great  part  of 
the  change  in  the  condition  of  the  nitrogenous  consti- 
tuents of  cheese  la  undoubtedly  due  to  the  action  of 
the  lactic  acid  as  an  activator  of  the  pepsin  of  the 
rennet  extract  and  other  enzynes  of  the  railk.  Probably 
also  the  lactic  acid  serres  as  a  means  of  bringing  a- 
bout  certain  changes  in  the  condition  of  casein  by  di- 
rect action  of  the  acid  itself.     (Van  Slyke  and  assool- 
atea,  1905,  1907;  Bosworth,  1907). 

Gorini'a  work  on  the  acid  lab  group  seems 
to  establish  their  nossesslon  of  casein  lydrolyzing 
enzyraes.    Such  an  enzymes  is  suggested  by  the  fact 
that  these  Isctics  also  ooaseaa  a  casein  coagulase. 
Their  rSle  is  probably  limited  to  Parmesan,  Grana  and 
slTailar  long  oured  hard  cheeses. 

(6)  Conclusion  as  to  the  general  ability 
of  lactic  acid  bacteria  to  hydro- 
lyze  casein. 

It  is  seen  that  all  of  the  chemical  changes 
undergone  by  the  casein  during  the  curing  of  cheese 
•re  not  due  to  casein  hydrolyalng  enzymes  of  lactic 
aold  bacteria,  and  that  inTestlgntlons  of  these  phe- 
nomena have  not  established  definite  proof  of  the  pres- 
ence and  active  functioning  of  such  enzymes  In  all  lac- 
tic acif?  bacteria.    However,  it  is  perhaps  possible  to 
sum  up  the  evidence  oh  this  question  as  follows: 

Mtay  of  the  lactobacilll  possess  enzymes 
capable  of  attsusking  casein;  many  strains  of  the  Strep, 
lacticus  group  also  possess  such  enzymes,  usually  less 
active  than  those  of  lactobaoilli.    Not  only  the  func- 
tioning, but  probably  also  the  elaboration  of  these 


enzymes  of  both  groups  are  usually  conditioned,  at 


.y.«».    T>»  ...la  ,„,„^ 

pendent  urjon  a  low  (H*). 

2.    Protein  coagulating  enzyma. 

*.  variation  among  the  lactic  aeld  bacteria. 
The  question  of  the  noeaeesion  of  protein 
coapulatm,  en.y,.s  is  still  u.re  undecided  than  that 
or  protein  l^drolyzing  enzymes,    it  is  probable  that 
here,  too.  the  different  lactic  acid  bacteria  differ  — 

that  aome  lactic  acid  bantoy^o 

acia  baoteria  poaaees  such  enaymea  to 

an  extent  easily  de^n.trated;  that  others  possess  the. 

to  a  less,  and  not  easily  denH>nstrated .  extent;  and  that 

etill  others  do  not  possess  then,  at  all.    The  following 

evidence  has  been  presented  concerning  their  presence 

In  the  different  groups  of  lactle  aeld  bacteria. 

Reports  on  lab  enzymes  of  the  different 
groups. 

Within  the  fourth  group  are  included  bac- 
teria Which  Oorlnl  claims  produce  a  caseinogen  coagu- 
lating enzyme  as  well  a.  en.y«„  producing  lactic  acid 
fermentation.    The  possession  of  such  en.y™.s  has  recent- 
ly  been  dcoonstrated  m  a  study  of  several  strains  of 
Staph,  pyogenes,  which  organisH  Is  usually  considered 
the  type  species  of  that  group.  (Barnes  1921). 


With  tbo  other  groups  of  iactio  acid 
tacteria,  »uch  definite  denonstrBtions  have  not  been 
made . 

Duolaux  thlnlcs  it  po 8  811:16  that  at  leaat 
aorM  lactic  acid  bacteria  produce  a  coagulating  en- 
eyrae .    Tiany  authorities  assume  that  in  case  of  the 
typical  lactic  acid  bacteria,  coapulation  of  the  ca^- 
selnogen  is  induced  surely  by  the  (H+)  incident  to 
the  production  of  lactic  acid.    Rogers  and  Davis,  l»w- 
erer,  clai:?!  that  certain  lactic  neid  bacteria  coat^late 
nillt  at  a  lower  acidity  than  would  account  in  Itaelf 
for  the  production  of  a  curd.    Avery  and  ,7hite  found 
that  the  addition  of  neutralizing  substanceo  in  excess 
of  the  acid  produced  failed  to  prevent  coagulation  of 
milk  by  their  lactobacilli .    Finlcelstein  and  Penrose 
also  report  like  results  with  other  lactobacilli.  These 
results  can  be  interpreted  in  favor  of  the  presence  of  a 
caooinogcn  coagulating  ensjriDe  . 

On  the  other  hand,  with  the  common  lactic  acid 
bacteria,  Schiroklch,  Gorini  (1904),  and  Jensen  (1904) 
claim  that  3trep.  lacticua  produces  no  lab  ferment.  Be> 
necke  suggests  that,  in  view  of  tho  veiy  doubtful  exis- 
tence of  a  casein  digesting  enzyme  in  the  case  of  the 
more  comrann  typical  lactic  acid  bacteria,  it  is  also  very 
doubtful  if  a  caselnogen  coagulating  enzyioe     is  produced. 
(He  bases  his  assumption  upon  the  general  rule  that  most 
bacteria  producing  a  rennet-like  coagulation  of  milk  usu- 
ally later  digest  the  curd,)    Ills  conjecture  is  weakened, 
however,  by  the  nroof  by  Rarthel  and  others  of  casein 
hydrolysis  by  the  common  lactioa. 


o.  General  conclusions  as  to  lab  ensyaes  of 
the  lactic  acid  bacteria. 

It  is  evident  from  the  above  that  much 
the  same  conclusion  must  be  drawn  in  regard  to  the 
presence  of  protein  coagulases  as  was  the  case  with 
protein  hydrolyaing  enayiaBs.    The  fourth  group  of  lac- 
tic acid  bacteria  have  been  shown  to  produce  protein 
coagulating  enaymes.    The  lactobacilli  also  seem  to 
Include  organisms  which  seem  to  possess  such  enzymes. 


\)ut  to  a  less  evident  extent.  The  3trep.  l:ioticud 
group,  if  indeea  t'le^jf  iioa^eas  thMa  at  all,  ave  not 
been  sho-mi  to  possess  active  or  easily  dsiaonetrated 
protein  cofigulating  enzynos. 

.5.      Other  cnzyiaeB  of  the  lictic  acid  bHCLerla. 

The  lactic  acid  bacteria  also  rossess  other 
en7.y!^s  which  will  not  be  diacuoaod  here,  although  in 
many  c'\8«9  their  action  is  very  important. 

AiBong  thasa,  may  be  mentioned  the  •reJuctasea" 
idiich  are  said  to  bring  about  the  reduction  of  flyes  to 
their  leucobases. 

It  must  be  ad^aitted,  however,   that  definite 

d«Bonstratlon  is  still  lacking  that  euch  clianges  are 

alw^iys  of  purely  enay.uatio  nature  (as  «a  riov  understand 

th«  term  "enzyjaatic* . )      There  seem  to  be  i.iany  factors 

involvr^d  in  reduction,  which  at  present  :iro  iiapoasible 

to  explain  upon  a  ulniple  basis.       'any  of  these  soias 

factors  M.-jy  also  be  concerned  laost  intimately,  in  ths 

reaction  of  l  ie  tic  ucld  fermentation .  Itself .      In  this 

connection,  cfjrtain  recent  work  of  Harden  is  of  stum 

significance,  particularly  oince  in  a  study  of  tliS 

mechaniaia  of  1  ictic  acid  f eraentatlon,   it  la  iiwportant 

to  recognize  the  possible  cieanint;  of  other,  reducing 

reactions  that  i-say  occur  In  the  saiue  systea* 

Ue  believes  that  the  reduction  of  clyea  is 
effected  by  enzyiies,   but  tjial  the      orati  on  of  tlicir 
actual  reducing  action  la  o*nditioned  by  tiie  prsoence 
of  certain  substances.  {HrtrJen  and  .'^ilva  (1915)). 


blue.  nnon  addition  nf  rLi  i  t^""  ."^""^  methylene 
.n-6c?i^e  in  t'Sj  •  'f*  <""«f«"t  than  Um., 

have  ah^wn  a  atriUn?  al^^M.^ft'*  w  l"^«°"-ator8. 

to  V.e.  win  Je  found  Jol^e^^ei^;;?  ^oZ'tv^.f^Z''''^ 

upset  ^r^'^^^-^l^  JfJe^Jji^J 

Jenaen  (1919)  xlao  claims  that  "true"  lactic 
acid  bacteria  do  not  poaoess  enzyma  for  the  reduction 
of  nitrates,  which  ta-e  a  Bonnon  property  of  laeiabera  of 
the  acid  gas  group  and  also  of  ;..ar^-  of  the  fourth 
ETour  of  lactic  acid  bacteria. 


The  aboence  of  c  itil;te«,  ^ch  is  a  quite 
generally  distributed  enijyine  .«aone  bacteria,  ie  augf^ested 
by  Belerjenk  and  hy  Jensen  (1919)  as  a  characterietlc  of 
-true-  lactic  acid  bacteria.      (it  has  been  ahown.  lK>wever. 
that  the  butyric  acid  bacteria  also  quite  froquen ay 
laxk  thla  enzyme.) 

l?any  of  the  lac  .le  acid  bacteria  also  pesaees 
enzyaea  capable  of  attacking  the  salta  of  organio  aclda 
(••e  referencoB  under  •nevers  .l  of  .'teactlon- ) ;  those 
producing  IsaM  are  aesumed  to  possess  en^yines  attacking 
fonale  acid  and  fornuited.  while  others  seem  to  po88e;.8 
enzyiien  attackins  lactates  (Jensen  1904). 
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IHTLUBKCS  OF  im:  SnVIRONitBNT  UTON  LACTIC  ACID  BACTERIA 


A.     PHYSICAL  rSFLUBHCKS 

I.  Heat. 

1.    Temiwratures  within  rmnge  of  gi^wth. 

a.  General  discussion  of  "cardinal  points". 

The  temperature  relations  of  raicro-organ- 

iarna  are  usually  considered  upon  the  basis  of  three 

8o-ealled  "cardinal  points";--  maximum,  optijoum,  and 

minimua  temperatures  for  the  growth  of  particular  or- 

ganisias.    The  difficulty  of  determining  these  points 

with  any  depree  of  accuT»\cy  is  nuch  greater  than  might 

he  supposed.     In  a  review  of  the  results  obtained  by 

different  investigators  working  with  supposedly  the 

same  lectio  acid  bacteria,  flagrant  discrepancies  are 

evident  in  reports  on  all  of  these  oardinal  joints. 

Tables  showing  the  optimun:,  rainiraun  and 
afixlanra  temperatures  as  reoorted  in  the  investigations 
of  a  number  of  species  of  lactic  acid  bacteria  are  cl^- 
en  by  Yeiginann  [l910)  ant?  by  Hennenberg.     The  table  by 
Weigmann,  at  least,  is  of  little  value  as  it  Includes 
reports  of  the  early  suthorltien ,  some  of  which  are  de- 
cidedly at  variance  with  the  present  idea  of  the  temper- 
ature relations  of  the  snrae  types  of  lactic  acid  bac- 
teria . 

Probably  nothing  more  should  be  present- 
ed than  a  short  review  of  the  temperature  relations 
exhibited  by  the  four  groups  of  lactic  acid  bacteria, 
which  has  been  given  in  greater  detail  in  the  pre- 
ceding division  (see  "Laatle  Acid  Bacteria"). 


b.  Temperature  relations  of  the  groups  of 
lactic  acid  bacteria. 

It  raay  be  repeated  here  that  the  mem- 
bers of  the  3tre^.  lactieus  group  are  able  to  grow 
fairly  well  at  10°  C;  their  optimum  temperature 
seems  to  be  around  32°  C.;  at  temperatures  aboTe 
430  C.  but  few  strains  ere  able  to  grow.    The  aen. 
bers  of  the  acid  gas  group  T^ossess  higher  temperature 
relations,  with  their  optimum  at  ST^  C.  and  with  min- 
imum and  maximum  temperatures  also  somewhat  higher. 
The  lactobacilli  exhibit  the  highest  optimum  temper- 
ature, with  many  strains  around  430  C.    The  mem- 
bers of  the  fourth  group  include  organisms  showing 
a  wide  zone  of  temperatures  within  their  range  of 
growth.    ^Jany  of  them  grow  well  at  very  low  temper- 
atures, although  their  type  species  possesses  an 
optimum  temperature  of  37°  c. 

c.  Bases  of  determinations  of  optimum  tem- 
perature . 

Conflicting  results  reported  for  temper- 
ature relations  of  the  lactic  acid  bacteria  are  pro- 
bably due  largely  to  methods  employed  In  their  inves- 
tigation.   Determination  of  the  optimum  temperature 
for  the  lactics  should  perhaps  best  be  done  by  count- 
ing the  cells.    Many  results  are  untenable  because  the 
Investigators  did  not  eliminate  other  factors.  De- 
termination of  optimum  temperature  upon  basis  of  tins 
for  coagulation  of  ralllr  Is  misleading,  as  this  phenom- 
enon is  Influenced  by  temperature  as  well  as  by  acid 
production;  the  possibility  of  presence  of  lab  enzyme 


or  caaease  Introduces  other  sources  of  error. 

Such  of  those  methods  as  are  based  upon 
the  measurement  of  products  of  the  lalcro-organlsm 
and  Its  enzymes  are  probably  fitted  only  for  deter- 
minations of  the  optimum  temperature  for  the  produc- 
tion of  a  Tjarticular  product.    This  is  particularly 
true  in  cases  where  products  are  Measured  at  a  late 
stage  of  the  growth  of  the  culture,  as  here  it  is 
difficult  to  separate  those  products  arising  from 
purely  enzymatic  action  from  those  produced  by  the 
life  activity  of  the  growing  cells.    (Compare  Jen- 
sen, 1919). 

d.  Importance  of  knowledge  of  temperature 
relations . 

The  Iraportanoe  of  a  knowledge  of  the 
optlraum  temperature  of  the  lactic  acid  bacteria  can- 
not be  orerestiraated.    vmen  present  in  mixed  culture 
In  the  natural  jtiedla  of  agricultural  lactic  acid  fer- 
mentations, the  temperature  may  be  the  factor  deter- 
mining what  group  of  the  lactic  acid  bacteria  will 
predominate,  or  even  whether  lactic  acid  fermenta- 
tion will  take  place  at  all.    This  relation  is  es- 
pecially evident  in  the  natural  fermentation  of  milk.* 


•  Compare  Selerjink,  1904.  K.  J..  XV,  262. 


In  pure  culture  lactic  acid  fermentations  a  knowled^ 
of  optimum  temperature  Is  necesaary  in  order  to  con- 
trol the  fermentation  so  as  to  yield  best  reeulte. 

Although  the  preoedlnR  discuaslon  has 
had  particular  reference  to  optimum  temperatures,  a 
knowledge  of  mini  ng  and  m«imam  temperature  relation, 
becomes  of  importance  in  many  cases.    Within  the  range 
between  minimum  and  optimum,  temperature  exerts  its 
influence  chiefly  by  determining  the  rate  of  growth 
of  the  lactic  acid  bacteria.    At  teraperatures  consider- 
ably below  the  optimum,  the  life  processes  may  be  sus- 
pended, but  often  they  proceed  at  a  yeiy  lew  velocity. 
a»  shown  under  "Bffeot  of  Low  Temperature." 

Other  factors  to  be  considered. 

The  influence  of  temperature  upon  lao- 
tlcs  is  usually  considered  almost  wholly  from  the 
standpoint  of  its  effect  unon  the  rate  of  growth.  It 
seems,  howerey.  that  the  r6le  of  temperature  i„  the 
life  of  the  lactic  acid  bacteria  is  a  more  extended 
one.    Many  Investigators  have  found  that  temperature 
of  growth  of  the  lac  tics  la  of  considerable  moment 
in  determining  the  direction,  as  well  as  the  rate, 
of  their  life  processes. 


H»a*^«  4         '^oi'lnl  (1912)  reports  that  the  casein 
destroying  powers  of  his  lactics  are  favored  by  iSw 
temperatures,  while  their  lactose  fermenting  powe?J 
are  greater  at  higher  te-nperotures.    A  alm?lar?l[L 
?„^^       *  temperatures  and  caaeia  proteolysis 

by  lactic  streptococci  is  renorted  by  Wthel  An- 
^iJ^J^^^*?^""  °i         influence  of  te^iperature 'unon 
the  direction  of  lactic  metabolism  has  been  observed 
in  the  "ripening"  of  crenn  for  batter.    Here  it  is 
reported*  that  temperature  of  incubation  is  an  ita- 
portant  factor  in  de ter^nininR  the  production  of  those 
products  of  lactic  acid  fermentatiJi.  whJch  coSLi?S?| 
the  odor  and  flavor  to  the  fermentation  mixture. 

2.    Influence  of  high  te^aperatures  upon  lactic 
aold  bacteria. 

a.  Interpretation  of  "thennal  death  point". 
The  usual  basis  upon  which  the  heat  re- 
sistance of  micro- organisms  is  considered  is  the  rate 
of  death,  rather  than  the  older  so-called  -thermal 
death  point"  determinations.    This  is  a  more  reason- 
able basis,  as  It  recognizes  the  course  and  nature 
of  the  disinfection  process,  (In  this  case,  probably 
disinfection  by  hot  water).    Moreover,  in  many  eases, 
especially  In  agricultural  lactic  acid  fermentation, 
it  is  more  important  to  know  what  temperatures  for  a 
certain  period  of  time  are  required  to  kill  the  ma- 
jority of  cells,  than  the  temperature  required  for 
complete  sterilisation.    This  conception  Is  now  re- 
cognized by  most  authorities  and  has  been  emphasized 


»  Marshall           personal  communication. 


recently  "by  Jensen  (1919)  in  relation  to  a  study  of 
lactic  acid  bacteria. 

There  la,  howeveri  a  more  or  less  defi- 
nite relation,  at  least  a  reseatolance ,  between  the 
results  obtained  by  studies  from  the  two  standpoints, 
provided  the  conditions  of  the  experiment  are  the  same. 
The  results  reported  in  the  following  pages,  especially 
those  of  the  early  wo  rice  rs,  should  be  considered  with 
the  above  statements  kept  in  nind,  as  most  of  the  early 
work  has  been  done  from  the  "thermal  death  -point"  stand- 
point. 

b.  Factors  influencing  "thermal  death  point" 
determinations . 

Discordant  results  tre  reported  in  the 
literature  concerning  the  "thermal  death  point"  of 
lactic  acid  bacteria.    A  large  part  of  this  discor- 
dance is  due  to  the  different  methods  employed  in 
making  these  determinations,  to  the  influence  exerted 
by  the  medium  in  which  the  bacteria  are  suspended  dur- 
ing the  heating,  and  to  the  differences  in  resistance 
offered  by  eells  of  different  ages  and  in  different 
states  of  vitality.    Many  other  factors  are  also  in- 
volved, whose  Influence  is  evident  in  the  results  re- 
ported in  determinations  of  thermal  death  points  of 
all  bacteria.    Furthenore,  In  the  heterogeneous 
group  of  lactic  acid  bacteria  there  naturally  exists 
a  large  number  of  species  differing  widely  in  their 


heat  realatanoe;  great  differences  exist  also  between 
strains  within  the  species. 

c.  General  discussion,  with  talile. 

In  the  interpretation  of  the  resxilts  of 
inrestigations  of  thermal  death  points  of  the  Isctic 
acid  bacteria,  many  of  which  give  quite  different  re- 
sults, the  factors  mentioned  above  must  be  kept  in 
mind.    The  following  table  is  from  a  compilation  by 
WeigiBBnn  (1910). 


TEMFBRATURS 

(CKHTIGRADE) 

55°  60° 

65« 

70° 

90° 

ORGANISM 

AUTHORITY 

TWB  (IN  MINTJTB8) 

Bact.  aerogenes 

Kayser 

15'  5' 

5' 

5' 

Bact.  lactls 
acidi 

(Ounther  and 
(Thierfelder 
(3chwitzer 

10' 

15' 

Bact.  casei  a 

Bact.  pabuli 
aeidl 

Freudenreich 
and  Thoni 

Weiss 

over 
30' 

over 
60* 

over 

5' 

15' 

over 
5' 

short 
time 

100" 


A  oompiled  table,  such  as  the  above,  is 
of  relative  value  only,  as  it  is  limited  to  so  great 
an  extent  by  the  different  experimental  conditions 
under  which  the  results  were  obtained.    Although  the 
results  are  quite  variable,  it  is  evident  that  most 
lactic  acid  bacteria,  (no  typical  forms  of  which  are 
spore  bearers),  are  not  very  resistant  to  heat.  It 
is  certain,  however,  that  Kayser' 8  (1915)  general 
statement  that  "at  least  most  species  of  lactic  acid 


bacteria  are  killed        exposure  for  a  short  time  to 
a  temperature  of  65°- 7C"  c.".  is  oonditioned  by  fac- 
tors to  be  discussed  later. 


d.  Lactic  acid  bacteria  showing  high  re- 
sistance to  heat. 

That  sorae  lactic  acid  bacteria  possess 
comparatively  hiph  thermal  death  points  for  non  spore- 
foraers  is  evident  from  the  results  of  many  investi- 
gators. 

,     ^  ^    Weiss  and  Dotterer  aiid  Breed  have  found 
some  lactobacilli  to  possess  rather  surprising  resis- 
tance to  hiph  temperatures.    Rahe  haa  found  -.lembers 
of  this  group  that  in  twenty-four  hour  broth  culture 
survived  exposure  to  looiat  heat  at  65"  C.  for  one  hour 
Similar  results  have  probably  been  the  basis  for  Jen- 
sen's (1919)  generality  —   -As  a  rule,  those  lactic 
acid  bacteria  which  grow  at  the  hlRhest  terar)erature 
can  also  stand  the  highest  degree  of  heating  "  Ae 
might  be  exT>ected,  he  found  at  least  one  exception. 

Although  as  a  whole,  the  other  groups 

are  not  «o  resistant  to  heat  as  the  lactobacilli,  it 

will  be  shown  below  that  some  meiabers  of  the  other 

groups  also  exhibit  higher  heat  resistance  than  would 

conform  to  Kayser's  general  statement. 

e.  Therwal  desth.  rate  of  lactic  acid 
bacteria  in  milk. 

(l)  Greater  resistance  apparently  ex- 
hibited in  railk. 

Much  work  has  been  done  on  this  question, 
especially  with  the  Strep,  latfticus  and  the  B.  aero- 
genes  groups,  as  many  investigators,  (TJarshall  1897, 
Ayere  and  Johnson (1913,  1914,  1915),  Rogers,  and  others) 


fouiTi  that  aome  members  of  these  auppoaedly  heat  aua- 
ceptl"ble  groups  survived  the  temperatures  employed  in 
the  iMsteurization  process.    The  results  of  nueh  of 
this  worlc  seem  to  indicate  that,  when  suspended  in 
Bjliy,  higher  temperatures  are  required  to  kill  the 
lactic  acid  hacterin  than  in  the  case  for  broth  sus- 
pensions, usPd  in  the  usual  determination  of  "thermal 
death  noints".  (Brown  and  Peiser) 

It  has  been  shown  in  this  laboratory  that 
strains  of  !3.  coll  and  of  Strep,  lacticus  were  killed 
within  five  to  eistht  minutes  at  62.8°  C.,  if  suspended 
in  neutral  broth  or  physiological  salt  solution.  The 
same  strains,  when  suspended  in  milV  or  oreara,  were 
able  to  survive  thirty  minutes  at  the  same  temperature. 

(2)  Factors  involved. 

In  nilk  as  a  medium,  the  factors  determining 

the  lethal  effect  of  heat  on  bacteria  are  especially 

evident. 

Among  the  factors  entering  into  this  pro- 
tective action  of  milk,  may  be  mentioned  the  follow- 
ing: the  surface  pellicle  forming  on  raw  milk  during 
exposure  to  air,  the  protective  action  of  which  is 
due  partly  to  lower  temperature  at  the  surface  and 
partly  to  the  nature  of  the;  membrane  itself  (Russell 
and  Hastings);  a  protective  action  of  the  casein  or 
albumin  present,  due  possibly  to  a  film  formation  a- 
round  the  cell  (Brown  and  Peiser,  Rosengren);  pres- 
ence of  fat  itself,  especially  in  creaT,  may  have  a 
direct  protective  action  (Rosengren),  and  also  a  low 
percentapre  of  water  would  give  bacteria  present  the 
advantppe  of  the  lower  sterilizing  efficiency  of  dry 
heat  as  compared  to  noist  heat  (Brown  and  Peiser). 
probably  the  pasteurization  process  itself  introduces 
other  factors  which,  added  to  the  apparent  protective 
influence  of  milk,  offer  further  protection  to  milk 
bacteria . 

Thether  due  to  unusual  heat  resistance  of 


a  few  lactic  individuals,  or  to  some  protective  action 


of  mllTc  itself .  or  to  ^nethoda  employed  In  paoteuriaa- 
tlon,  it  is  Vnown  that  many  strains  of  lactic  acid 
bacteria  (sorae  of  which  may  succusib.  if  in  broth,  to 
temperatures  several  decrees  below  tl»t  of  paateuri- 
aation)  are  able  to  withstand  temperatures  of  60**- 65° 
C .  for  30  minutes  under  the  conditions  exlatinR  in  the 
cowaerolal  pasteurisation  process. 

f .  Significance  of  thermal  death  relations 
exhibited  by  Inctie  acid  bacteria  in 
the  pasteurization  procaso. 

(1)  Microbial  balance . 
The  "thermal  death  point"  of  lactic  acid 
bacteria  when  suspended  in  railTc  la  of  significance 
fron  several  aspects  in  the  pasteuriaatlon  of  that 
food  substance.    Its  most  important  aspect  is  the 
influence  of  that  process  upon  the  delicate  equili- 
brium existing  between  the  different  types  of  micro- 
organisms in  ralllc.     It  la  this  balance  which  deter- 
raines  the  type  of  alteration  that  will  be  induced  in 
the  medium. 

The  growth  of  lac  tic  3  brings  about  n  harm- 
less and  the  raoat  desirable,  an  well       the  njoat  evi- 
dent, alteration  of  milk;  moreover,  it  serves  to  in- 
hibit other  less  evident,  but  undesirable  and  even 
dangerous,  changes  In  the  rallk.    Under  influence  of 
this  belief,  the  early  authorities  suggested  that  the 
consequent  shift  of  the  microbial  equilibrium  to  the 


disadvantage  of  lactio  acid  ferraentation  would  expose 
panteurixed  milJc  to  other  changes  more  undesirable 
and  difficultly  recognized.    HoweTer,  this  objection 
to  pasteurisation  is  not  In  'peeping  with  later  research, 
as  it  is  founded  upon  underestimation  of  the  beat  re- 
sistance of  many  strains  of  lactlca  or  upon  experiments 
using  hl;?her  temperatures  than  the  one  now  usually  ei»- 
ployed  in  the  proeesaing  of  milTc. 

Marshall,  in  1897,  had  shown  that  some  lac- 
tics  survive  the  proceao.    iiogers,  in  1905,  'JAze ,  in 
1907,  Ayers  and  Johnson,  In  1910,  and  others,  also  re- 
ported the  survival  of  some  lactio  acid  bacteria.  La- 
ter investigations  have  shown  tliat  the  lactic  acid  bac- 
teria not  only  are  not  eliminated  from  the  milk,  but 
"that  the  percentage  of  the  acid  group  la  increased 
by  T^asteurizatlon  at  low  tennoeratures ,  while  the  other 
groups  (inert,  alkali  forming,  end  peptoftizing)  are  de- 
creased in  their  percentage  of  the  total  flora." 

The  following  figure  taken  from  Ayers  and 

Johnson's  (1913)  results  shows  that  the  temperature 

employed  is  a  potent  factor  in  deternining  the  moment 

of  the  different  groups  in  the  microbial  balance  ex- 


tent In  the  processed  milk. 
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Extant  h  Pasteurized  Miu 


TROM:  AyEK^  and  Johmson,  1^13,  BAL.  Bt/u  J  kt. ,  Tb^. 


Th«  preeading  fi«ur«  ■howa  onlj/  i^ercout^jga 
ralationo  batveon  tho  groupaj    naturaHy,  tha  al>aoluta 
nurtjar  of  lactlca  la  ^reaUjr  radnead.     llawarer,  aa 
aean  froa  %ha  graph,  paatc-uriaed  ciiUc  cjntalno  a  auf- 
flclonUjr  larffa  percentage  of  l  .ctlc  buctorltt  U  an- 
auro  the  lactic  acid  far/aentation  of  ttie  product  and 
a  conaaqusnt  check  on  jmtraf ictlon,  praridad  that  tha 
baatinr:  praeaaa  ia  at  taniMraturea  nanr  02^**  C.  with 
high  taaperatureo.  tha  aarllar  objootlon  baoonaa  ral- 
id, 

1^  tha  Msoranea  that  tha  laaUaa  poaaaaa 

control  of  the  direction  af  change  finally  undari:ona 
by  paatawlsad  tailk,  the  onljr  a  mlt  jry  objeatlan  to 
paataurisation  haa  be«i  oTaroo  ia.     It  ia  novr  oonoad* 
ad  that  comjareial  paataurlzad  ailk  will  toidareo  tha 
uaual  1  .otic  add  f <gnaentatlon»  bae«naa  of  tha  mxrm 
Tlral  of  lactica,  although  tha  fomontatlon  lo  aa- 
l  \yed,  baoause  of  daeraoaa  In  absaluta  nBBb«>a  of  lae-> 
tic  acid  bacteria  in  the  origln.a  gero  content  of 
tha  ailk. 

"  i/raann  ind  aaaooi  tao  (191G)  havo  aluo 
inToot.  iho  influence  jf  raatGurls.ition.  upon 

'Ic       .  .    bal  Jice  of  d.ffcrent  a  ijpleo  j£  ..iU, 


Th«9r  ToUR  J,  iiM  had  tha  Aacrioan  wrkmrB,  tit&%  in 
almost  all  on'.ies  the  rttlutivs  nmiber  of  laetio 
bicterla  w;«i  inoreaeed  by  -pa  Jt-eiirization.  Their 
re  ort  inciudaa  studies  od  the  c:h:uvj;oa  in  value  of 
V  -  ratio  betir:jen  1-ictic  aci  toria        other  hrvo^ 

j  %  md  other  b  ictei*i  >  -laseJ  nilL,  /hon 

:  for  cert-iin  periodo  nt  "        ■ '-  f^  •  iture. 

y  hnvfi  al30  atteiJrteJ  to  o  between 
""  'ron,^  rmd  the  "veal:"  1  .ci-.  o    >.    .     .  ^  jria,  to 
-lactic  type*  ^eaent.      (Their  differentiation 
^  „    c.   "atrAnjj*  and  •weak"  Inctics,  (by       Ji3  of  t'r^ 
sise  of  tlie  clo  ur  soneo  :  roJucod  on  c       -      i*  plates) 
sight  prove  rather  Oiffieult.)  tr  .  ueo, 

however,  raise  the  queotlon  of  •    urtain  atralna 

of  lactlcts  ^hich  :  i  >y  ta2:c  a  pr )  .  ^  :u*t  in  the 

sourlnf*  o  f  rtiw  nllk,  are  rcplno^ti  by  othca-  iiore  ho.it 
realntant  utr-ij  no  i-^  the  eour-ir  ;;  of  prusteurised  uill;. 


(2)  Tathogonio  streptococci. 
Follo^rii^  the  aboTe  dioouosion  of  the  heat 
reeiatn,nce  of  lactio  streptocacol  whon  misponded 
in  aillc,  lU)  in  the  paateurisation  proee  js,  it  is 
pertinent  to  eoneider  t:  e  heat  reaiotanoe  of  patl^- 
ogonie  B  ireptococcl  vhic!)  :ir«  often  present  with 
then  in  the  flora  of  raw  roilk.      The  discussion  of 
■Qrf>ups  of  Lactic  \cld  Bactsoria*  ahowod  the  close 
relationsMp  of  patliosenic  and  lactic  strp  to  cocci 
as  sridsnood  ty  the  exoeedir^jly  closo  eiuilarity  in 
norphole/^loil    'ncJ  cultural  cJi3ract<rra.  Fortunately, 
a  (greater  Jlffrsreneo  exists  in  their  abllitor  to  wi th- 
at >nd  the  effect  of  tan^  eratures  nerir  6J,m&^  C.  for 


10  nlnates  in  nilk* 

«hil«  MMagr  Ia«ti«  •tr<«pt«fl»e«i  «urviT« 
this  h« at  effect,  their  pathos'^lo  relatlTss  bare 
h^mn  «la«B  to  b«  unabl*  to  do  m  in  the  iBveotisv* 
tidBS  Igr  trorkors  in  this  Tiairy  Diriaion*      In  a 
recer.t  p^sp«r,  ^era,  Jshcwon  and  Tjaxin 
mmisKrise  the  results  of  inreetigation  of  tiits 
'questions    'Scperletioe  tte  tsM  of  j^jreperly 

IMUitearised  ullk  end  detendnfttlgns  of  the  theival 
Math  psint  !)f  inttlMgenio  etreptoeoMl  feQr  v«arloi» 
iiive8tls«,tM>B  indicate  olo^irljr  that  tlis 

tiMnaal  death  j^int  at  theae  arsanl eiae  is  reXativelj 
le  V  Bxnj  tSaA  thigr  are  r^iAjr  daatrejied  proper 
raatetirization.*     This,  ot  eouroe,  does  not 
pareeiude  t  e  jsressnea  of  ^^thagmio  streptocicci 
in  r:isteurise<!  ssilk       rs^^n  uf  oaBtaoinatlon 
sabMquecit  to        heatii^  praes8»« 


Halter  (1921) 


the  thersoril 
\iMaan  lesiu 
••  '\Me  lar^..:  - 
athagegic 
,t  CO    C,  in 


rate  of  horn tie  strer 
stralr.n  tr  ■  -r'v-. 


tda  were  ; 

straino  .;  «  v  v  > 


milk.     (It  ia  improbable ,  however,   that  such  large 
nurabera  of  heat-resiatant  pathogenic  streptococci 
would  be  present  in  milk  before  the  paateurization 
proceaa  aa  were  present  at  the  beginning  of  Gaiter's 
teats .} 

(3)  B.  coli  index. 

The  question  of  ability  of  members  of  our 
first  proup  of  laetie  acid  bacteria  to  survive  temper- 
ature of  62.8°  C.  for  30  minutes,  in  milk,  is  also  of 
sipnificanee  in  pasteurization.    By  many,  who  assumed 
that  all  straino  of  B,  coli  and  its  closer  relatives 
were  killed  by  this  treatment,  tests  for  the  presence 
of  these  organisms  in  pasteurized  milk  are  used  aa  a 
criterion  of  the  efficiency  of  the  process. 

Uuiy  investigators,  (Rosengren,  Oage  and 
Stoughton,  De  Jong  and  De  Graff),  however,  have  shown 
that  some  strains  of  B.  coli  are  more  resistant.  Be- 
low, are  given  the  results  of  an  extensive  investiga- 
tion by  Ayers  and  Johnson  (1910)  on  the  heat  resis- 
tance of  many  strains  of  the  colon  organism  when  held 
in  milk  at  different  te^nperatures  for  30  minutes. 


curre    6-  flO  r^°r.^?n*^?  Inflection  T,olnt  in  the 

Their  conclusion,  baaed  on  the  above  find- 
IHRB,  may  be  taken  as  a  statement  of  the  present  sta- 
tus of  this  question.     -The  colon  test  as  an  index  of 
the  efficiency  of  .the  process  of  pasteurization  is 
complicated  Yy  the  ability  of  certain  strains  to  sui- 
Vive  a  temperature  of  145°  F.  for  30  minutes  and  to 
develop  rapidly  when  the  pasteurized  milk  la  held  un- 
der certain  te  iperature  conditions  which  might  be  met 
durlnp  storage  and  delivery.    Consequently  the  pres- 
ence of  a  few  colon  bacilli  in  pasteurized  milk  does 
not  necessarily  indicate  that  th6  milk  was  not  proper- 
ly heated.     The  presence  of  a  large  number  of  colon 
bacilli  immediately  after  the  heating  process  may, 
however,  indicate  improper  treatment  of  the  milk." 

g.  General  significance  of  heat  resistance 
of  lactic  acid  bacteria. 

The  "thermal  death  points"  of  lactic  acid 
bacteria  are  important  from  two  standpoints.     In  many 
cases  it  is  desirable  to  prohibit  lactic  acid  fermen- 
tation of  R  substance  in  which  lactic  acid  bacteria 
are  present,  no  in  the  media  of  alcoholic  fermentation, 
in  whey  and  skimmed  milk  to  be  used  for  stock  food  or 
in  other  food  substances.    Here,  a  knowledge  of  heat 


resistance  of  the  lactic  acid  bacteria  la  necessary 
in  order  to  elirainste  the  l»ctlc8.    In  other  cases, 
where  lactic  acid  fermentation  is  desired,  it  is 
necessary  to  avoid  temperatures  which  will  exert  a 
lethal  effect  upon  lactic  organisms. 


3.    Relation  of  lactic  acid  bacteria  to  low  tenb> 
peratures . 

a.  Retardation  of  life  processes. 

The  Immediate  effect  of  low  temperatures 

Is  net  so  marked  aa  that  of  hlph  temperatures.  Uany 

times  lactic  acid  bacteria  are  apparently  Indifferent 

to  considerably  below  their  optlraurn  temperature.  In 

such  cases  the  general  effect  of  these  temperatures  is 

a  decreased  velocity  antl  even  suspension  or  inhibition 

of  all  life  processes. 

Many  results  of  ice  cream  investigations 
reveal  no  appreciable  Increase  or  decrease  in  the  num- 
ber of  lactica  durlnr  cold  storage  of  this  product. 
The  comparative  inhibition  effect  of  low  temperatures 
Is  seen  in  results  of  Rahn  and  associates  (1908),  who 
found  the  lactic  acid  bacteria  developing  on  plates 
held  at  4°  to  6°  C,  about  one  third  of  the  number  de- 
veloped at  the  optimum  temperature. 

Life  processes  of  lac  tics  may  proceed 

under  low  temperature  con'Mtions,  but  at  a  very  low 

velocity. 

Pennington  (1908)  found  some  acid  formers 
growlnp  slowly  in  ml IV  held  at  0°  C.     In  Krown's  (1912) 
experiments  on  Gutter  held  at  -3°  F.  to  +3°  F.,  produc- 
tion of  lactic  acid  occurred  at  expense  of  lactose,  but 
lie  does  not  state  whether  the  lactic  acid  was  due  to  ac- 
tion of  living  lEctlcs  or  liberated  enaymes.  Luxwolda 
(1911)  furnishes  many  more  exa'aples  of  growth  of  lactica 
at  low  temperatures,  together  with  many  references  to  the 
literature  of  Investigations  of  influence  of  low  tempera- 
ture ur>on  lactic  acid  bacteria. 


b.  Occasional  germicidal  effect. 

The  possible  effect  of  low  temperature 
extends  from  the  above  comparative  retardation  and 
inhibition  to  a  definite  lethal  action.    This  is 
usually  evidenced  as  a  slow  and  niore  or  less  orderly 
progressive  decrease  in  numbers,  as  in  the  case  of 
drying.    Under  usual  conditions,  this  decrease  in 
numbers  does  not  reach  to  complete  disinfection  of 
the  medium. 

^    JteePayden  and  Rowland  found  B.  acidi  lae- 
ni^TTi     -H^"'^  survived  10  hours'  exposSe  to  -Sgo  C. 
Rogers  found  no  serious  los  i  of  vitality  of  iltreo  lae- 
ticus  upon  ex-iosure  to  0°  C..  -'lirep.  lac- 

llowever,  quantitative  germicidal  effects  are 
revealed  by  many  investigations.    This  effect  of  low 
temperature  is  .conditioned  by  certain  factors.  Pro- 
longed suspension  of  metabolism  may  result  in  the  death 
of  many  cells,  when  lactics  are  held  under  low  tempera- 
tures in  certain  media.    The  effect  of  degree  of  cold 
itself  does  not  seem  to  be  of  much  influence;  apparent- 
ly there  is  no  rapid  acceleration  of  the  death  rate 
following  depressions  of  temperature  below  the  frees- 
ing  point  co-^iparable  to  that  which  gives  rise  to  the 
so-called  "thermal  death  point"  in  disinfection  by  high 
teitperatures . 

The  actual  freezing  of  the  medium  and  the  re- 
sulting mechanical  influences  of  solidification  and  cry- 
stallization in  the  medium  seem  to  be  the  most  iiportant 
lethal  factors. 


Rahn  (1908)  hai  shown  that  the  freezing  point 
of  the  liquid  in  salted  tutter  la  depressed,   (ty  its 
salt  content) .considerably  below  the  usual  cold  storage 
teraperntures .    He  and  his  ossoclates  found  that  this 
was  accompanied  by  r  decrease  in  the  death  rate  of  the 
lactic  acid  trcteria  in  suc'i  syateras.    v/hile  above  the 
freezinfr  point,  the  death  rate  of  Tactics  runs  parallel 
in  salted  and  unsalted  butter,  at  temperatures  below 
freezing  the  rate  of  death  was  greater  in  unsalted  sam- 
ples.   Later  woric  on  B.  coli  by  Keith  and  by  Hilliard 
and  Davis  offers  further  evidence  of  influence  of  the 
actual  freezing  of  the  raedlura.    Intermittent  freezing 
is  known  to  accelerate  the  death  rate  of  bacteria. 

The  medium  in  which  the  'baoteria  are  sus- 
pended la  alBo  an  important  factor, 

^eith  has  shown  that  the  death  rate  of  B. 
coli,  when  frozen  In  diluted  milk,  increases  with  the 
dilution  nnd  that  glycerin  solutions  offer  still  great- 
er protection,    nilliard  and  Davis  have  also  slwwn  that 
lailk  and  crean  offer  protection  to  bacteria  subjected 
to  low  teraneratures ,  and  believe  this  protection  to  be 
due  to  the  colloidal  and  solid  matter  in  suspension  in 
this  mediurn. 


c.  Uaual  effect  of  low  temperature  in  lactic 
acid  fermentation. 

Due  to  the  above  factors,  low  tempera- 
tures are  rarely  of  value  for  actual  disinfection;  in 
agricultural  lactic  acid  fermentation,  the  effect  of 
low  temperature  in  usually  limited  to  the  decreased 
TOlocity  and  comparative  inhibition  of  the  lactic  pro- 
cesses.   The  decrease  in  numbers  of  lac  tics  during 
cold  storage  of  many  lactic  acid  fermentation  niedia 
is  liot  due  to  specific  action  of  low  temperature  it- 
self.   In  many  oases,  at  least  when  the  medium  Is  not 
aetxially  frozen,  low  temperature  has  a  protective  In- 
fluence which  la  exhibited  by  a  decreased  death  rate 


coincident  with  the  retardation  of  life  activity. 
Iloreover,  under  low  temperature  conditiona.  the  spe- 
cific action  of  most  deleterious  agents  would  be  re- 
tarded and  proceed  at  a  slower  rate  than  at  usual  te 
peratures .» 

It  should  be  emphasized  that  thp  rSle  of 
low  temperature  la  that  of  a  condition,  not  that  of 
an  active  agent:  it  is  a  retarding  influence  which 
inhibits  the  action  of  harmful  as  well  aa  beneficial 
reactions  of  the  environment  UT>on  micro-organisms. 

d.  Indifference  of  lactic  acid  bacteria  to 
sudden  cooling. 

This  point  is  introduced  merely  to  dispose 
of  an  en-Dirleal  statement  which  has  been  made  by  a 
number  of  investigators.    A  few  men  have  claimed  that 
a  sudden  fall  in  temperature  was  accompanied  by  some 
deleterious  effect  upon  bacteria.    By  then  it  was  as- 
sumed that  suddenly  cooling  material  which  had  been 
held  at  a  high  temperature  (as  in  processing  of  food 
or  in  them»l  death  experiments)  caused  the  death  of 
a  certain  number  of  the  bacteria  present.    As  early 
as  1897,  Marshall  showed  that  Immediate  ooolinp:  of 
laboratory  pasteurized  milk  did  not  have  any  appreci- 
able effect  upon  the  micro-organisms  present.  This 


»  3ee  Hnd  Part  of  "Lactic  Acid  Fermentation" 


was  confirmed  by  Ayers  and  Johnson  in  1910  and  since 
then,  ty  a  nuniber  of  otnervers. 

Jensen  (1919),  however,  claiia  that  in 
sorae  cases  even  slipht  falls  in  te -iDerature  have  a 
harmful  effect  uoon  snrae  lactic  acid  bacteria  "Je 
have  also  seen  cases  (e.g..  with  Bacillus  bul^ricus) 
where  a  sudden  fall  in  temperature  of  only  5°  occa- 
sioned a  3erious  weakening."    This  is  the  more  sur- 
prising as  it  occurred  with  stock  cultures  kept  at 
approximately  18°.  in  which  case  it  would  seem  that 
a  fall  of  S**  would  tend  to  increase  the  keeuinc:  Qual- 
ity of  the  culture. 


II.    Relation  of  Lactic  Acid  Bacteria  to 
Desiccation. 

1.    Factors  influencinrr  resistance  of  lactic 
acid  bacteria  to  desiccation. 

I^etio  acid  bacteria  are  quite  resistant 
to  desiccation  but  their  relative  resistance  is  de- 
pendent UT>on  raanv  factors,  which  are  discussed  as 
follows,  by  Ropers  (1914). 

Amonp  the  conditions  tending  to  destroy 
^     f_+V^^"*^         deaiccntion  process  is  the  increase 
in  (IT")  resulting  from  the  decrease  in  volume  of  the 
medium.    ?ioreover,   the  increase  in  concentration  of 
the  solids  in  the  water  surroundinr  the  cello  may 
reach  a  r^oint  where  plasnolysis  of  the  cells  results 
by  withdrawal  of  their  water  content  by  osmotic  pres- 
sure . 

After  the  culture  has  been  dried,  or  is 
in  D  state  of  desiccation,  the  followinp  factors  will 
largely  determine  how  lonR  it  will  retain  its  vitality: 
degree  of  dryness  (or  amount  of  moisture),  temperature 
at  which  it  is  held,  and  possibly  also  the  nature  of 
tho  pas  by  which  it  is  surrounded.  (See  "Oxygen".)  The 
resistance  to  desiccation  depends  upon  tiie  ability  of 
the  cells  to  enter  into  a  dormant  state  and  still  be 
able  to  regain  activity  when  they  are  again  introduced 
into  a  farorable  milieu. 

Thus,  it  may  be  stated  that  to  give  the 
organism  longest  resistance  to  desiccation  it  must  be 
put  under  conditions  In  which  Its  life  processes  are 
pro}.ibited.    Hhen  the  moisture,  heat,  oxygen  and  food 


d^^Tl^i^  r^i*  ^^""^  °^  conditions  are  least 

desirable  for  aotive  prowth.  the  organism  will  nprroach 
raore  nearly  an  absolute  dorn,snt  condition.     It  ia  Jhen 
that  its  actual  death  will  be  postponed  the  Jongest. 

Theae  factors  are  very  irnportant  in  the 

preparation  of  lactic  cultures.    They  must  also  be 

kept  in  mind  in  the  interpretation  of  the  following 

investiRatlons  .     In  the=ie  experlraenta ,  the  material 

on  which  tho  lactic  acid  bacfrla  were  dried,  as  well 

as  other  of  the  above  factors,  will  exert  an  influence 

upon  results. 


2.    Examples  of  resistance  of  lactic  acid 
bacteria  to  desiccation. 

Kayser  (1894)  has  exposed  lactic  acid  bac- 
teria dried  upon  strips  of  filter  paper  to  desiccation 
for  three  months  at  25°  and  lower  teraneratures ,  with- 
out observing  lo33  in  vitality.    Troili  and  Peterson 
obtained  similar  results  with  lactic  Roid  bacteria  dried 
on  silv  threads  for  three  and  one  half  months.    H.  Weig- 
mann  (1898)  has  found  living  individuals  in  commercial 
cultures  oeveral  years  old.    Von  Freudenreich  and  ThiSnl 
claim  that  B.  lactic  acidi  resisted  drying  in  a  vacuum 
3t  roo-n  tPm>,erature  for  days,  -.Yhich  was  the  time  of 

the  last  test.     The  same  investigators  found  that  at  37° 
the  desiccated  cells  retained  life  for  nuch  shorter  time  - 
in  the  case  of  the  above  soeoies,  only  45-50  days.  Other 
lactic  acid  bficteria  were  similarly  affected  by  the  rise 
in  temperature    strains  of  B.  easel  that  resisted  de- 

siccation at  room  teminerature  for  67  and  135  days  suc- 
cumbed to  exposure  at  37°  in  2  and  8  days.    *hlte  and 
Avery  found  that  their  lactobacilli ,  althoufrh  not  long 
lived  In  liquid  media,  retained  vitality  for  four  irjonths 
when  dried  In  a  desiccator  over  sulphuric  acid,  v/ehraer 
subjected  lactobacilli  to  desiccation  under  the  following 
conditions:     The  organisms  were  grown  in  a  flaek  in  the 
presence  of  calcium  carbonate.    The  cotton  plugs  were  then 
carefully  wrap-ned  with  -)aper  and  the  lactic  acid  bacteria 
dried  upon  the  precipitated  calcium  lactate.    These  organ- 
isms survived  for  surprising  lengths  of  time;   tests  up  to 
SIX  years  yielded  actively  fermenting  lactic  acid  bacteria 
(a  test  made  after  ten  years  was  negative). 


From  the  abore ,  it  ia  erident  that  lac- 
tic acid  bacteria  are  very  resiatant  to  deaiccation 
under  favorable  conditions.    This  important  property 
18  of  great  advantage  Iri  the  use  of  conraercial  start- 
ers for  dairy  products  and  for  therapeutic  purposes. 
It  must  be  re-nernbered.  however,  that  a  culture  ex- 
posed to  desiccation  for  a  long  period  of  time  cannot 
be  expected  to  set  up  as  vigorous  a  fermentation  as 
would  a  young  actively  growing  culture.    Besides  this 
loss  of  activity,   there  occurs  a  gradual  decrease  in 
the  number  of  living  cells  and  the  positive  teat  ob- 
tained after  desiccation  for  long  periods  are  probably 
due  to  the  survival  of  but  a  few  cells,  which  may  pos- 
sess certain  resistant  characteristics. 

3.    Practical  significance. 

The  relation  of  lactic  acid  bacteria  to 
moisture  (and  factors  as  osraotic  pressure.  (H*),  etc.. 
included  in  conditions  in  concentrated  media)  is  im- 
portant also  in  the  storage  of  butter,  in  the  prepara- 
tion of  condensed  milTt  Rnd  sauer  kraut,  as  well  as  in 
the  preparation  of  commercial  lactic  cultures. 

111.    Osmotic  Pressure  and  Concentrated  .Jolutiona. 

Tactic  acid  bacteria  are,  of  course,  sub- 
ject to  the  Influence  of  this  physical  factor.  How- 
ever, in  Its  study,  it  is  extremely  difficult  to  elim- 
inate all  other  factors  In  order  to  determine  the  speci- 
fic effect  of  osraotic  pressure.    The  chemical  properties 


of  the  solute  play  an  important  role  in  determining  the 
effect  of  concentrated  solutions  as  well  as  does  the 
osraotie  pressure  itself,    ether  factors  also  enter  to 
complicate  the  process  by  which  concentrated  salt  solu- 
tions exert  their  influence  unon  bacteria.    For  this 
reason,  the  r61e  of  osmotic  pressure  in  the  collective 
environraental  effect  upon  lactic  acid  bacteria  will  be 
considered  in  (rreater  detail  later,  in  our  discuseion 
of  the  effect  of  different  concentrations  of  salt. 

lirallar  physical  influences  would  be  brought 
into  play  by  equivalent  concentrations  of  other  elec- 
tro lytea,  but  the  presence  of  raoat  ions  would  intro- 
duce other  factors  to  a  greater  extent  than  do  those 
of  sodium  and  chlorine.    Hon  electrolytes,  such  as 
sucrose,  are  used  in  many  cases  to  obtain  the  advan- 
tages of  a  concentrated  medium  in  food  preservations. 
Naturally,  higher  concentration  of  non  electrolytes 
are  required  to  secure  inhibitory  osmotic  pressure 
conditions . 

As  the  pneumococcus  is  more  or  less  closely 
relfited  to  at  least  some  strains  of  lactic  streptococci, 
the  following  investigation  of  Deraby  and  Avery  is  of  in- 
terest here.    They  Investigated  the  Influence  of  differ- 
ent molar  concentrations  of  potassium  chloride  uoon  the 
growth  of  this  organism  In  broth,    "hey  found  that  con- 
centrations up  to  0.1  were  wltliout  effect  unon  the  pncu- 
raococcus;  that  concentrations  of  0.2  retarded  growth; 
and  that  concentrations  of  0.4  and  higher  prohibited 
growth.    They  concluded  that  the  addition  of  salts  to 
media  for  growth  of  the  pneuraococcus ,   (such  os  phos- 
phates for  buffer  effect),  should  be  limited  to  concen- 
trations not  over  0.1  m. 


A  comparison  of  the  salt  effect  on  the  re- 
sistance of  pneuinococcus  with  that  of  cora-aon  lectio 
acid  bacteria  is  afforded  by  referrinR  to  the  dis- 
cussion of  the  influence  of  hiph  ooncentratlona  of 
salt. 

IV,    Llfrht  and  other  Rays. 

1.    Probable  inslpniflcance  of  this  influence 
in  lactic  acid  fermentation. 

The  influence  of  light  rays  upon  the  micro- 
bial agents  of  agricultural  lactic  ^cid  fermentation  Is 
not  very  important  outside  of  Ito  purely  academic  inter- 
est.    In  their  natural  media,  the  lactic  acid  bacteria 
are  not  exposed  to  high  intensity  of  llfrht  for  a  long 
enough  period  for  this  physical  factor  to  be  of  moment. 
The  signlficanee  of  the  action  of  light  rays  in  the 
agricultural  r81e  of  lactic  acid  bacteria  Is  probably 
limited  to  such  riartial  sterilization  of  empty  milk 
cans  anH  the  containers  of  other  lactic  acid  fermen- 
tation nedla  ns  mlpht  possibly  occur  when  theae  are 
placef'  In  direct  sunlight  for  several  hours.    Due  to 
its  incom'^lete  effect  and  the  efficiency  of  other  me- 
thods, this  incident  is  of  little  Ira-oortance. 

^J^'  22^^  '^'^^  subject  of  investi- 

gations on  tte  effect  of  lipht  unon  micro -organ isms 
merely  because  it  is  a  comon.  well  known  species,  and 
not  because  of  any  reference  to  lactic  acid  fermentation. 
It  has  been  found  to  be  not  particularly  susceptible  to 
the  action  of  sxuillght.  (Rahn,  1917) 


2.    Experlraento  of  Riehet  with  different  rays. 
Tichet  has  used  lactic  acid  badteria  in 
Interesting  experiments  in  the  . investigation  of  the 
relation  of  certain  liprht  rays  to  nlcro-organisms . 

He  placed  plass  ampules  containing  the 
phosphorescent  sulphide  of  calcium  into  railic  cultures 
of  lactic  acid  hacteria.    He  found  that  there  was  pro- 
duced an  Initial  stimulation,  as  Indicated  by  Increased 
acid  production  over  the  controls.    This  was  followed 
toy  a  retardation  of  activity. 

He  did  not  believe  this  influence  could 
be  due  to  the  faint  Turainosity  afforded  by  the  pres- 
ence of  the  phosphorescent  sulphide  and,  while  reach- 
in^no  definite  conclusion,  he  thought  it  possible  that 
¥  rays  were  Involved. 

In  later  investigations,  Richet  (1906) 
again  used  lac  tics  as  a  convenient  Index  of  the  action 
of  radium  rays  upon  mioro-organisraa .    He  found  that 
they  exerted  a  certain  influence  upon  these  lactic  acid 
bac teria. 

3.    Action  of  ultra  violet  rays. 

In  their  investigation  of  the  use  of 
ultra  violet  rays  in  milk  sterilisation,  Ayers  and 
Johnson  (1914)  found  that  the  latftlc  ecid  bacteria 
In  milk  were  greatly  reduced  In  numbers  by  the  action 
of  these  rays.    Their  action  was  not  a  specific  bae- 


tericidal  effect  upon  laotics;  spores  in  railk  were 
more  resistant  and  the  authors  belieye  action  upon 
lactica  was  largely  due  to  the  greater  susceptibility 
of  vepetatlve  cells.    Hourhtoti  an'^  Davis  have  also  in- 
▼estigatt^d  Rcrraioidal  action  of  ultra  violet  rays  as 
a  means  of  aterilizinp  or  pasteurising  milV.  They 
slain  that  their  results  inf'icate  "that  exposure  of 
nilV  to  ultraviolet  rays  has  a  tendency  to  kill  off 
undesirable  organisraa  present,  leaving  rmre  desira- 
ble bacteria  of  Bact.  lactis  acidi  group  in  the  oaf 
jority."    They  found  mold  spores  were  hardly  affect- 
ed by  this  treataent.    Although  they  found  that  this 
group  of  laotics  predominated  after  exposure  of  the 
nillc  to  the  rays,  their  conclusion  intimating  greater 
resistance  of  these  organlarjs  is  hardly  warranted. 


V.    Mechanical  iSffects. 
1.  Agitation. 

Gentle  agitation  is  said  to  have  a  stim- 
ulating effect  unon  micro-organisms  (Rahn,  1917).  Out- 
«eit,  (1911).  has  reviewed  the  influence  of  this  fac- 
tor upon  lactic  acid  bacteria. 

In  lactic  acid  fermentation,  the  impor- 
tance of  this  factor  is  probably  limited  to  the  break- 
ing apart  of  clumps  and  colonies,  with  the  possible 

sequence  of  stimulated  growth  activated  and  fermenta- 
tion due  to  the  removal  of  the  raicro-organisma  from  a 


sphere  of  relatively  higher  local  concentration  of 
metabolic  products.    This  may  be  of  some  significance 
in  certain  procesaes  of  handling  Tnilk.  (Marshall  and 
Hood,  1918) 

2.    Oravity  and  centrifugal  force. 

Centrifugal  force  may  at  times  exert  much 
the  sane  influence  u>.on  lactic  micro-organism,  as  that 
suggested  for  simple  apitation. 

Wore  often,  however,  in  agricultural  lac- 
tic acid  fementation  n  larger  part  of  the  moment  of 
this  Physical  factor  may  be  attributed  to  a  diatur- 
>^ance  in  the  flora  equilibrium  and  consequent  changes 
in  -nicroblB]  associations.  (Marshall  and  Hood,  1918). 

3.    Uechanieal  pressure. 

Although  the  Influence  of  this  factor 
^has  few.  If  any,  applications,  in  the  usual  lactic 
acid  fermentation,  pressure  ha»  been  shown  to  have 
a  certain  effect  upon  lactic  acid  bacteria. 

.rated         -vi^fJ*'  ^^'^'^i""  ^'eaVley  (1914)  investi- 

^+Jn3  ^^^*^ili*y  of  several  micro-organisms  to  with- 
stand high  pressures.    Although  their  resulto  are  ra- 
ther variable,   the  followin//  data  sliow  that  bacteria 
^ItZ^"^  resistant  to  pressure  under  the  conditions  of 
?^  aerogenes,  suspended 

00  ^Jn*"^^^  ^"^^'^        ;3oraentary  exposurrto 

90,000  pounds,  or  by  ten  minutes'  exposure  to  65,000 

for  ^  survived  throughout  tests 

^*  pounds;  all  cell  a  were 

killed  in  150  mlnutea  at  30,000  pounds. 

*v,  ^x^*'^®^*  l^ctleus,  suspended  in  Zf,  lactose 

♦     CnA  oH''^*  *°  prowth  after  momentarv  exposure 

to  100,000  pounds;   sometimes  all  cells  killed  by  5 


pounda.  ■  '  ^^^^^^^  150  mlnutea,  at  40.000 

Althouph  very  hiph  presaures  are  required 
for  a  lethal  effect,  lower  pr«s,ures  will  inhibit  .rowth 
Lactic  acid  fermentation  has  been  shown  to  be  delayed  in 
milk  kept  under  high  T>re33ure. 

Rahn  (1917)  explains  the  influence  of  pres- 
Bure  upon  growth  of  lactic  .cid  bacteria  largely  upon 
the  factor  of  oxygen  concentration  relations  following 
fron.  Henry.e  law.     it  U  ,ust  aa  probable,  however,  that 
the  influence  of  .resaure  is  a  cumulative  effect  and  that 
macro-organisms  possess  cardinal  .oints  in  their  pressure 
as  in  their  temperature  relations  —  the  .oint  of  in- 
hibition Of  multiplication  would  naturally  be  lower  than 
that  of  permlcidaT  effect. 

many  factors  mu's?  bTcon°rdlJed^'"'"!f  "^?:!  ™i -'"-o'Ranl s.ns . 
luin  upon,  or  in  whlrh  t^f  v!  *  ^^^^'^  the  med- 

pressGre     tL  aoSimJJ'J^l*"^^  '^^'^  subjected  to  the 
and  other  factors    suc^'a^^MBrf^^'^r^  ^"  ^''^ 
Balton-s  law  of  part?a?  o?Vn'i;?2\\^;. 

survey  and  a  dKasion  J?"^e"  iir^uLl^^i'''  "  ^^-^crical 
nicro- organisms.  influence  of  pressure  upon 


B  .BlOCHBjnCAL  INFLUBNCB3 


I ,    Influence  of  Carbohydrates . 

1.  Role  of  carbohydrates  In  the  metabolism  of 

lactic  acid  bacteria. 

a.  Source  of  energy, 
"b,  oource  of  carbon. 

2.  Influences  exerted  unon  lactic  r.cid  bacteria 

by  different  carbohydrates. 

a.  Differences  in  availability. 

b.  Differences  in  products  yielded. 

U.    Influence  of  Mitrogenous  liaterlals. 

1,  Sources  of  nitrogen. 

2.  Favorable  influence  of  "peptone*  upon  the 

medium. 

a.  Reports  upon  concentration  of  "peptone". 

b.  Reports  of  preference  for  kind  of  peptone. 

c.  Reports  of  "acclimatization"  of  lactic 

acid  bacteria  in  regard  to  the  source 
of  "peptone", 

111'.     Influence  of  Oxygen  Concentration. 

1.  Limitation  of  discussion. 

2.  Earlier  reports  of  the  relation  of  oxygen  to 

the  life  of  lactic  acid  bacteria. 

3.  Variation  among  different  Isctlc  acid  bacteria. 

4.  Oxygen  concentration  relations  of  different 

proups  of  lactic  acid  bacteria, 

5.  Influence  of  oxygen  concentration  unon  products 

of  growth. 

6.  Other  effects  of  high  oxygen  concentration  upon 

lactic  acid  bacteria. 


Influence  of  Hydropren  Ion  Concentration  upon 
Lactic  Acid  Bacteria. 

1.  Barly  reports  of  influence  of  acids. 

2.  tfiehaelis  and  'Jarcora'a  interpretation  upon 

basis  of  effect  of  hydrogen  ion 
concentration . 

3.  Hydrogen  ion  concentration  zones  as  limits 

of  growth  for  lactic  acid  bacteria. 

a.  Coraparison  of  the  two  standpoints  from 

which  pH  toleration  of  bacteria 
is  considered. 

b.  Reports  on    H  toleration  of  different 

lactic  acid  bacteria. 

(1)  Acid  gaa  group. 

(2)  Strep,  lacticus  group. 

(3)  Lactobacilli . 

(4)  Fourth  group. 

c.  Importance  of  pH  toleration  by  lactic 

acid  bacteria. 

4.  Adjustment  of  hydrogen  ion  concentration  to 

zones  favorable  to  lactic  acid  bacteria. 

a.  Kffect  of  adjustment. 

b.  Means  of  adjustment. 

(1)  Chemical. 

(2)  Biological. 

5.  Factors  conditioning  the  moment  of  the  hydrogen 

ion  concentration  factor. 

a.  Different  systems. 

b.  Different  influences  upon  different  cell 

functions. 

6*    Optimum  hydrogen  ion  concentration  for  lactic 
acid  bacteria. 


Influence  of  Other  Chcnlcal  Substanoea. 

1.  Salts  of  the  metals  or  metallic  ions  —  eener- 

Gl  agreement  with  the  i; .  a.  i\  series. 

2.  Ions  exertinfT  a  aeleotire  action  on  lac  tics. 

*.  Zinc  ion. 
b.  l^uoride  ion. 
e.  Phosphates. 
7.    Comiaon  diainfectanta . 

4.  Lecithin. 

5.  Carbon  dioxide  and  other  paraes  evolved  durinj? 

putrefaction. 

Influence  of  Different  Concentrations  of  3alt. 

1.  Influences  operating. 

2.  Effect  upon  other  conditions  in  the  ayatem. 

3.  Sffeot  upon  microbial  balance. 

4.  Relation  of  different  lactic  acid  lacteria  to 

various  concentrations  of  salt. 

5.  Significance  in  agricultural  lactic  acid 

fermentations. 


INPLUEHCE  OP  THB  BirVIROHMEOT  UP0!7  LACTIC  ACIID  BACT3RIA 
B  ^/(;CHBT!1CAL  INTLUBNCBS 

I.    Cartohydrptes . 

1.    Role  of  carbohyirates  in  the  metabolism  of 
lac tie  aeld  bacteria. 

The  carbohydrate  presented  by  the  medium 
to  lactic  acid  bacteria  serves  two  principal  pur- 
poses! that  of  a  source  of  carbon  and  of  a  source  of 
energy.    The  relative  importance  of  these  to  the  lac- 
tic has  been  discussed  before.    There  it  was  shown 
that  a  snail  part  of  the  carbohydrate  may  be  divert- 
ed to  uses  of  the  cell.     Jensen  (1919)  claims  that 
this  part  of  their  food  is  used  particularly  in  the 
building  of  cell  wa].l8.    The.    portion  of  the  total 
carbohydrate  consumed,  which  is  diverted  from  the  main 
reaction  for  this  purpose  is  very  small. 

A  large  amount  of  energy  can  be  derived 
from  a  fermentable  carbohydrate  compared  with  other 
constituents  of  a  medium.    They  are  also  usually  more 
immediately  available  to  the  lactic  micro-organism. 
For  these  reasons,  the  principal  r61e  of  a  carbohy- 
drate In  lactic  metabolism  is  as  a  source  of  energy. 
The  much  more  vigorous  growth  of  lactic  acid  bacteria 
In  media  offering  a  fermentable  sugar  is  evidence  of 
the  preference  exhibited  by  lactic  acid  bacteria  for 
these  substances  as  their  source  of  energy. 


2.    Influences  exerted  upon  lactic  acid  bacteria 
by  different  carbohydrates. 

a.  Differences  in  availability. 

The  carbohydrates  available  have  been 
given  under  a  dlscuBsion  of  substrates  of  the  enzy™. 
of  lactic  acid  bacteria.    Even  among  carbchydrutes 
Ultimately  available  to  their  en.y»es.  differences 
are  observed  In  the  readiness  with  which  they  are  at- 
tacked V,y  the  lactlcs.    Some  of  the  carbohydrates 
Which  r^iy  be  fermented  by  a  lactic  growing  under  the 
best  conditions  may  not  be  attacked  at  all  in  systems 
less  favorable,     (m  case  of  polysaccharides,  this  may 
Involve  the  elaboration  of  hydrolytlc  enaymes.)  Again, 
differences  are  frequently  observed  in  the  rate  of  acii 
formation  from  different  sugars,  or  in  the  velocities 
of  the  action  of  the  enzymes  of  lactic  acid  bacteria 
upon  different  carbohydrate  substrates. 

It  Is  generally  assumed  that  a  hexose 
offers  the  most  available  source  of  energy  to  lactic 
bacteria.    As  a  rule,  the  six- carbon  sugars  are  more 
easily  fermented  than  are  the  disaccharides  and  more 
complex  carbohydrates.    However,  this  need  not  al- 
ways be  the  case . 

••r,«  +  v,<  *  Jensen  (1919)  points  out  that  therp  is 
fro>i  beln,^;fr^"*  (fermentable)  dlsacSarJdel 

of  whini  +v,l  nutriment  than  the  monosaccharides 

of  h?^  "J*^  are  composed."  He  shows  that  certain 
lluctle  Tr'fiirdse:''''  ^°  ^"^^^  <^^ther 


A  Streptococcus  from  sauerkraut,  which 
seems  to  reaeinble  Jensen's  "fcetacoccus"  pproup,  prefers 
sucrose  to  plucose,  as  evidenced  by  its  raore  rapid 
acid  formation  from  that  substrate  (see  Part  II). 

The  hexoses  differ  among  themselves  in 

their  availability. 

Jensen  (1919)  reports  that  galactose, 
as  a  rule,  is  t}ie  hexose   nost  difficultly  fenaented 
by  lactic  .icid  bacteria.    He  obaerved  that  some  strains 
pr*'ferred  levulose  to  dextrose.    Fred  and  asaociates  (1920) 
believe  that  fructose  is  ^ore  rapidly  attacked  by  their 
pentose  fermenting  bacteria  than  are  the  aldoses. 

t.  Differences  in  products  yielded. 

The  fermentation  of  different  carbohydrates 
by  lactic  acid  bacteria  may  yield  different  products. 
These  differences  may  be  not  only  quantitative  but  al- 
so qualitative . 

Reports  of  production  of  different  amounts 
of  aoid  by  the  fementation  of  different  sugars  by  the 
same  lactic  are  frequent  in  the  literature.    It  is  in- 
teresting to  note  that  quite  often  the  largest  yield 
of  acid  is  obtained  from  the  fermentation  of  carbohy- 
drates less  readily  attacked  by  the  fermenting  agent. 
The  introduction  of  (H'*')  measurements  at  the  end  point 
ef  fermentation  shows  that  differences  also  exist  in 
the  final  pH  value  reached  in  the  lactic  acid  feroen- 
tation  of  different  carbohydrates. 

(These  points  will  be  referred  to  in  the 
discussion  of  the  "Theoretical  Progress  of  Lactic  Acid 
Fermentation . ") 


Th.  Influence  of  the  carboJ^drat.  .^.^ 
tinea  decides  the  direction  as  woU  ^  tr«  .  . 
or  u  fermentation.  ,3  clearly  shown  In  the 

cilacuaelon  of  i„nuence  of  tHe  substrate  upon 
•Other  products  of  x.actlc  Acid  Fon^cntatlon-. 

that  heac^t^"/^?i^iJ?,3*°         «*-^Ple8  given  under 

tatlon  of  different  p^JShy'du'^tL*''^'**  H^^ 
dlfferent  products.     "^''^^^ '^^eo  i  jxy  yield  wholly 

ci-  p-auc^^;??^e^j;^^^:?f::r  i^^'  ^^^^ 

glucose  or  fructose        ^vf^  ^^^^ 
found  that  the  f-  7  '^^  Qoeociates  (1920) 

fro^,  tliose  yleldi  frf^u^i''^''  different  producti 
the  pentose  fer.^tin'^^^^.''*''/'''"'^"  feruented  by 
observation  hL  t^l^^.LliTf-"'''^^'-^'  ^-te? 
of  acid  for  .ing  Scteri^  ^  ''^'^  ^'--^^ 

»ork  of  3ml t    -iven  boloi  ^  evident  in  the 


Among  others.  Smit  (1915)  has  reported  c-xamplea 
of  the  Influence  of  the  substrate  upon  the  products  of 
fermentation.  The  following  table  represents  the  relative 
amount  Of  tine  various  products  yielded  in  the  fer,«,ntation 
of  Klucose.  fructose,  rnd  sucrose  by  Lactobacillus 
fermentuiB, 


Dextrose 

Levulose 

Sucrose 

Carbon  dioxide 

14.1^ 

7.0^ 

17.4,=? 

Alcohol 

1G.9 

16.8 

Lactic  acid 

47.1 

12.3 

33.7 

Acetic  acid 

3.7 

12.9 

6.1 

Formjc  acid 

0.1 

0.2 

0.1 

Succinic  acid 

1.2 

1.4 

0.9 

Man nl to  I 

60.1 

23 .8 

Glycerol 

6.3 

The  Integral  value  of  euch  a  table  is  hnarPvaT- 
severely  conditioned  by  the  possibility  of  oecondaJy' 
fn,*'°'\"  initial  products  of  the  sShsJr'S. 

In  rru.:,y  such  oaees.    the  reJntive  amount  of  the  v-rlous 

cllZl  .  ''a^l"^^^'^'  ^•"^^"tation  system  13  co^:?antly 
cnanfTi.ip;,  at  l-ast  durinp  the  earlier  nerio'^s  of  the- 
'  ermc, Nation.  Sar.f^   m  tul 


'er.c  station.  So.,  oi  ^he  i';dti:r;;;du  ?L'^iginal 
sulstrate  will  be  attacked  by  othe?  ,aore  or  iesa  ""^'^^"^^ 
simultaneous  reactions,  wi.ose  velocities  will    iso  be 

Ic°JJ'Jai*tr-'f"^i"^-  -Alk.line  fSLntJ?i"oa  of 

?n  Lnfi        i     "Tneoretical  Yvopnreos  l.otic  acid  fermentation- 
In  addition  to  these  ai-nultaneous  reactions    the  first 
formed  pro^uct^  are  often  attacked  by  delayed  KroVabfv 

a°eSt!  "  °^  °^  the  fer^aenting 

-articularli^in  th^'^rof""^  'n.-y  apply  to  Smit's  determinations 

articuiarly  in  the  case  of  carbon  dioxide,  for'iic  acid 
ar.d  mannitol.  (See  "Other  Products-.)  * 


II.     InfTuenco  of  Wltrogonoua  Materials, 
1.    Soiiroee  ofTTitrogen, 
The  ability  of  theos  fmUetanoea  to  aerre  m 
source,  of  nitrogen  will  depe»l  to  no  smll  extent 
upon  the  otJxer  food  oonstl tuent^j  ,ana  enYlron..ent  in 
v^hich  they  are  presonted.      They  are  usually  preeented 
in  madia  containing  a  readily  feraented  sjugar.  for 
reasons  giyen  in  the  discueoion  of  o^bohydrates. 
'  •  e  f  ^ct  t'.at  theg.-  substances  cannot  serve  aa  a 
source       nitrogen  in  laedla  containlne  no  other 
nitrogenous  material  need  r,ot  preclude  the  possibility 
of  their  utilisation  In  other  nedia  «n  a  parti.a 
source  of  nitrogen.      These  facts  shoilM  bo  kept  in 
nini  in  the  interpretation  of  all  of  t  e  following 
reports. 


».  Aiamoniun)  salts,  acid  amides  and  amino 
aolds . 

rrankel  obtained  (growth  of  Bac.  acidi  lactl- 
el  (B.  aerogenes)  and  several  other  organisms  In  nedia 
in  which  aaparaglne  was  the  source  of  nitrogen.  Hueppe 
f oirnd  the  same  organism  using  ammonium  tartrate .  Ko- 
zai  found  some  lactic  acid  bacteria  grew  in  aaparaglne 
media,  but  was  unable  to  obtain  growth  of  a  lactic 
probably  identical  with  3trep.  lacticus. 

The  more  recent  investigations  of  Clark  &nd 
LubB  (1917,  a)  and  of  Ayers  and  Hupp  (1918)  show  that 
the  acid  gas  group  are  able  to  grow  in  oedia  contain- 
ing nitrogen  in  the  form  of  sodium  ammonium  phosphate. 

The  latter  (1918,  b)  have  suggested  a  syn- 
thetic agar  for  "direct  count"  of  the  colon-aerogenes 
group,  in  which  the  aliove  salt  is  the  source  of  nitro- 
gen.    The  selective  action  of  this  mediun  is  based  on 
the  a'hnity  of  the  acid  gas  group  to  obtain  nitrogen 
from  the  amrioniuni  salt  and  the  failure  of  other  lac- 
tics  to  utilize  this  salt. 

Jensen  (1919)  claims  that  amino  acids  alone 
cannot  serve  as  a  source  of  nitrogen  for  "true"  lactic 
acid  bacteria  and  limits  the  formation  of  am-nonia  by 
these  organisms  to  that  split  off  during  the  hydroly- 
sis of  protein  molecules. 

b.  Peptides  and  other  constituents 
of  "peptone". 

Certain  of  these  substances  see-.ti  to  offer 

the  most  suitable  source  of  nitrogen  to  lactic  acid 

bacteria.    Probably,  the  simpler  of  the  "peptone" 

constituents  are  preferred.    Much  of  the  effect  of 


increaainp;  the  "peptone"  content  of  media  Is  probably 
due  largely  tn  increases  in  concentration  of  certain 
preferred  nltrof?enoua  foods.    This  question  will  be 
discussed  again  in  the  roports  of  inveatiRationa  on 
the  influence  of  "peptone"  upon  lactic  acid  bacteria. 

These  substances  are  also  able  to  serve  as 
sources  of  energy  to  lactic  acid  bacteria,  as  eridenced 
by  the  growth  of  lactics  in  "peptone"  jt«dia,  in  the  ab- 
sence of  fermentable  sugar. 

c.  Proteins. 
It  is  doubtful  whether  proteins  ever  serve 
as  sources  of  nitrogen  for  many  types  of  lawstic  acid 
bacteria,  although  this  nay  nosslbly  occur  with  cer- 
tain lactobaeilli  and  members  of  the  fourth  group. 
At  least  in  the  case  of  the  niore  common  lactics,  the 
att.^ck  upon  casein  may  he  considered  as  a  purely  en- 
zymatic action,  as  a  significant  proteolysis  of  can- 
sein  is  not  observed  until  a  period  in  which  its 
endoenzymes  are  liberated  by  autolysis.     (See  also 
"Enzymes" . ) 

2.    Favorable  influence  of  "peptone"  upon 
the  medium. 

a.  Reports  UT>on  the  concentration  of 
"peptone" , 

HKiy  reports  of  the  favorable  influence  of 
increased  "i)eptone"  concentration  upon  lactic  acid 
bacteria  are  re-ported  in  the  literature.    Most  of 


these  experiraents  have  conalated  In  the  addition  of 
Blrapler  non-protein  substances  to   aedla  Initially 
poor  in  non- protein  nitropren.    This  influence  is 
readily  understood  by  considering  the  relation  of 
lactic  aoid  bacteria  to  these  substances,  as  report- 
ed above  and  under  our  discussion  of  "Enzymes". 

Kayser  (1915),  Jensen  (1898,  1915).  Haat- 

^o«8tler  (1907),  and  aany  others 
have  demonstrated  increased  activity  6f  lactic  acid  bac- 
teria upon  increasing  the  neptone  content  of  fiie  media, 
using  peptonized  milk  as  a  medium  for  lactic  acid  bac- 
teria, Jensen  (1898)  obtained  increased  acid  production 
over  that  obtained  in  railk  in  which  the  casein  was  not 
hydrolyzed.     (Von  "Dara  has  criticized  Jensen's  conclu- 
sions, pointinj^  out  that,  at  least  a  certain  part  of 
the  favorable  influence  of  Deptone  ma*-  be  due  to  its 
buffer  action.    There  is  much  truth  in  his  statement 
"The  question  of  direct  influence  of  peptone  is  not  to 
be  determined  without  a  consideration  of  the  buffer  ac- 
tion of  thi3  aubstance.") 

Because  of  the  difference  in  titratable  acid- 
ity resultinr  from  presence  of  larger  concentrations 
of  peptone,  the  influence  of  this  factor  should  per- 
haps be  judged  upon  the  basis  of  its  influence  UT>on 
multiplication  of  cells. 

Upon  this  basis,  Hahn  (I91l)  has  considered 
the  results  of  laany  experiments  of  his  own  and  of 
Marshall  and  associates.    He  found  (as  had  Jensen, 
Kayser,  and  Ko^stler,  upon  the  basis  of  acid  produced), 
that  different  lactics  are  influenced  differently  by 
the  peptone  concentration  of  the  medium,    v/hile  some 
do  not  respond,  other  strains  show  a  decided  increase 
in  multiplication.     He  found  that,  in  case  of  inany 
strains,  growth  of  lactics  in  milk  is  apparently  con- 
ditioned by  the  concentration  of  simpler  nitrogenous 
substances  of  that  medium.    He  ascribed  the  chec'cing 
of  growth  in  usual  milk  cultures  of  lactics  to  the 
diminished  concentration  or  removal  of  the  utilizafcle 
nitrogenoun  food.     (See  "End  Point  of  Lactic  Acid  Fer- 
mentation. ") 


The  farorable  Influence  of  •'arshall'a  as- 
sociate peptonLers.  .o.slbly  also  Northrup's  associ- 
ate red  yeasta;  the  enrichment  media  so  .dyantageous 
In  the  cultivation  and  Isolation  of  lactic  acid  bac- 
teria, such  as  Jensen's  and  Kuans'  peptonized  nilTc, 
Rubnlsky's  yeast  extract  whey,  i^hnls'  peptone- forti- 
fied Whey  and  milk  —  all  give  further  evidence  of 
the  favorable  Influence  of  a  peptlde-lDce  source  of 
nitrogen  upon  the  life  processes  of  lactic  acid  bac- 
teria. 

b.  Reports  of  preference  for  kind 
of  peptone. 

The  above  discussion  has  shown  that  lactic 
acid  bacteria  are  influenced  by  concentration  of  "pep- 
tone" and  that  their  requirements  are  best  met  by  a 
medium  of  hlph  peptone  content.    Variou3  observers 
have  reported  that  lactic  acid  bacteria  prefer  cer- 
tain kinds  of  "peptone".     Thio  also  should  be  consi- 
dered in  the  lipht  of  r.Love  statements  upon  the  va- 
riety of  protein- hydro lytic  products  included  under 
that  terra.     Moreover,  it  must  be  remembered  that  many 
lactic  acid  becteria  prefer  certain  of  these  consti- 
tuents to  other  probably  more  complex  combinations. 

is  a  mnr^  Claimed  that  casein  neptone 

3°^*^^*^  source  of  nitropen  for  the  nrue" 
lactic  acid  bacteria  than  is  fibrin  peptone.  This 
may  be  due  to  preBonce  of  the  different  ac?^l  con- 
fnd  de^ip«  ^•'^^l"^  with  the  source 

Tn  Jo^!!  °r  hydrolysis  of  the  so-called  "peptones". 
in.?n  4  ""t^"'"*  ^^^^^^  ^«  emphasizes  the  dlffer- 

encen  in  value  to • lac  tic  ncid  bacteria,  exhibited  by 
different  -peptones".    Casein  peptone  he  found  more 


favorable  than   Vltte'o  peptone  In  all  cases.  The 
value  of  yeast  extract  varied  with  the  STiecieq  ^f.inrr 
PBrticularly  favorable  to  th.  lactofcaciiu!    He  Tlso^ 
emphasizes  the  ciifferent  buffer  action  of  different 
n?"'^?^^?^  nitrogen.    He  reports  that  the  buffer  value 
01   ,.itte  8  peptone,  casein  peptone  and  yeast  extract 

Jrfir^^  ^o'^'i  that  yeast  ex- 

tract broth  (as  made  by  him),  containing  0.5  f  nitro- 
gen   had  about  the  same  buffer  action  aa  .Vittc  peptone 
broth  containing  1.35  %  nitrogen  (i.e..  10  ;t  ^itte  pet 
tone}.    However,  he  does  not  believe  that  all  of  the  ' 
differences  in  the  Influences  of  different  peptones  can 
be  ascribed  to  their  buffer  action. 

Much  of  the  difference  in  the  relation  of 
lactic  bacteria  to  different  peptones  is  due  to  the 
degree  to  which  the  product  has  been  hydrolyzed.  Avery 
and  Oullen  (1920)  have  shown  that  the  enzymes  of  pneu- 
moeoccuB  attack  the  simpler  peptides  of  Falrchild's  pep- 
tone with  greater  avidity  than  ^itte'e  more  complex  pro- 
duct. 

c.  Reports  of  "acclipltization  "  of  lactic 
acid  bacteria  in  regard  to  source 
of  "peptone". 

Hennenberg  has  found  that  lactic  acid  bac- 
teria from  milV  and  milk  products  do  not  grow  well  In 
beer,  while  lactic  rcid  bacteria  of  the  brewery  and 
distillery  grow  well  in  beer  but  slifrhtly  or  not  at 
all  in  milk.    Jensen  (1919)  reports  acne  types  of  lac- 
tic Bcid  bacteria  grow  T.oorly  ih  milk,  but  well  in 
yepst  extract.    A  sauerkraut  streptococcus  studied  in 
this  laboratory  grows  better  in  lactose  than  in  milk. 

Such  examples  of  apparent  acclimatization  of 
certain  lactic  acid  bacteria  to  different  nitrogenous 
food  should  be  so  interpreted  only  after  careful  study. 
These  may  be  nothing  more  than  aanif estatlons  of  de- 
finite differences  in  the  availability  of  the  differ- 
ent constituents  of  these  media. 


III.    Influence  of  Oxygen  Concentration 
1.    Limitation  of  discussion. 

The  relation  of  o  ry^en  to  the  chemical 
reactions  of  lactic  acid  fermentation  has  been  dio- 
cussed  before,  under    Chemical  Changes-.    This  dis- 
cussion is  concerned  with  the  relation  of  oxyeen  to 
the  growth  and  functioning  of  lactic  acid  bacteria, 
layer's  -emrdinal  points-  a.ply  to  the  oxygen  concen- 
tration  requirements  of  all  micro-organisms.    The  fol- 
lowing discussion  is  concerned  with  the  optlimm  oxy- 
gen concentration  for  lactic  acid  bacteria. 

2.    Earlier  reporto  of  the  relation  of  oxy- 
gen to  the  life  of  lactic  acid  bacteria. 

The  question  of  the  relation  of  lactic  acid 
bacteria  to  oxypen.  (or  their  oxygen  concentration  re- 
quirements), has  been  much  disputed  among  the  earlier 
investigators. 

atundan.^  „r  claimed  that  an 

abundance  of  oxygen  exerted  a  favorable  influence  oth- 
ers, as  MacDonnell  and  Troili  and  Peterson  claimed  that 
u^lfAr.^  influence.    Others.  arMjiteifanf 

asserted  that  it  was  undei-  an  anaerobic  con- 
dition that  the  lactic  ncid  bacteria  were  mo^t  activl! 

3.    Variation  among  different  lactic  acid 
bacteria . 

The  experiments  of  Kayser  (1894)  and  later, 
those  of  Koestler  explain  these  contradictory  claims. 
The  results  of  Kayser- g  experiments  led  him  to  con- 
clude that  different  lactic  acid  bacteria  have  differ- 
ent oxygen  requirements;  some  grow  better  under  aero- 
bic conditions,  others  under  anaerobic  conditions. 


whil«  8till  Others  are  apparently  indifferent  to  the 
presence  of  oxygen. 

4.    nxygen  concentrRtlon  relations  of  dif- 

rerent  groups  of  lactic  acid  bacteria. 

The  four  groups  of  lactic  acid  bacteria 
aeem  to  require  different  a,aount3  of  oxygen  for  opti- 
mum growth.    The  acid  gas  group  probably  demand  high- 
er oxyren  concentration  for  their  maximum  activity 
than  do  the  second  and  third  groups,  but  even  these 
organisras  are  able  to  grow  in  its  absence,  if  a  fer- 
mentable sunar  i3  present. 

The  atrep.  lacticus  group  exhibit  a 
lower  optimum  oxygen  concentration  and  seein  to  fiinc- 
tion  at  least  as  well  in  its  absence  a-j  in  its  pre- 
sence, 

Tro-in  T.^*.^^"^^^  ^^'^"^^  reports  of  JfecDonnell  and  of 
irolli-.eterson  were  concerned  particularly  with  this 
^'^^  Investigation  to  be  reiort^d  1^?^^" 

II  of  this  -aper,  a  lactic  of  this  tyrie  showed  great- 
er proteolytic  activity  in  the  P.b3ence  of  oSgeS 
Helnemann    on  the  other  hand,   reports  greateJ'^aSuvi- 
ty  Of  _^.trer,.  lacticus  In  the  nreaonce  of  free  oxygen. 

III  rlLZll  '""''^  ''''^i  ^""^^^  '^'^^^  ''^^^^^^  conditions, 
but  a  larger  number  of  carbohydrates  were  fermented 
than  was  the  case  under  anaerobic  conditions.  The 
usual  variation  amonrr  strains  nrobably  extends  to 
their  oxygen  relations,  but  it  seems  that  most  mera- 
Ders  of  the  Jtrep.  lacticua  group  (j-row  better  under 
low  oxygen  concentration  conditions. 

In  the  group  of  lactobacilli  are  found 

lactic  acid  bacteria  functioning  best  in  very  low 

oxygen  concentrations.    The  experiments  of  Koootler 

were  concerned  principally  with  this  group.  He 

found  that  there  were  not  only  differences  between 

strains  in  their  oxygen  relations,  but  that  the  ef- 


<-.=t  ,f  aim„„.  „,^„  „„o.„tr.tl™.  „„„„  ,^ 

•tur.  anfl  peptone  e™t.„t  of  the  ™dlum. 

The  r»„Pth  ,^oup  i,  ,„ch  „  heterogeneou. 
.clU.tlon  that  „o  .erinlte  ,t.te»„t         he  e„„- 
cemlng  their  ,.y^„  r.i.tl„„.;  u  ^^^^^^ 
h.w.,er.  that  »<„t  of  these  erg^,,.™  ha,,  hl.her  ,^ 
tiaum  eonce„tr.ti„„,  ,h.„  ™„h,„ 
third  groups. 

terla.  which  lolrts^U'^.r--'^' ^,^'^^}^^  ^"'^ 
were  found  to  till  M.iLT:Lll°^^^^  *°  e'°"P. 
»ent.  than  did  mist  of  hisTpe!;.'°"''"*"'"°" 

5.    Influence  of  own  concentration  upon 
products  of  growth. 

The  results  of  many  InTestigatlona  in- 
dicate that  In  :,reaence  of  oxygen  a  greater  propor- 
tion of  volatile  acids  ie  formed  than  in  its  absence 
(aee  -other  Products-),     m  .i.ed  cultures  this  could 

explained  as  the  result  of  the  acid  ga.  ^roup.  (which. 
It  win  he  remembered,  for-n  large  a.^unt3  of  volatile 
acids  an.  which  probably  are  also  favorably  influenced 
by  the  presence  of  oxygen),  gaining  ascendancy  in  the 
medium.     In  other  cases  it  may  be  due  to  a  combustion 
of  the  lactic  acid  itself,  which  reaction  would  pro- 
bably proceed  to  best  advantage  under  aerobic  condi- 
tions . 


6.    other  effects  nr  v,-i~v 

upon  l«c*ufac'lf\°^?f^?,°«"°«ntratlon 

The  abovo  diacuaslon  of  the  oxy'^en  rela- 
tlona  Of  ,.eUo  acid  .aeteria  has  hee„  u^te.  to  oxy- 
Ben  concentrations  within  the  ran.e  of  .rowth  of  ™icro- 
oreania^e.     This,  however,  ia  a  .er.  xi^ite.  ran.e.  as 
la  evident  fro™  a  consideration  of  the  .oiubility  of 
this  .aa  and  the  fact  that  only  dissolved  substances 
enter  microbial  cells.         evidence  is  at  hand  con- 
cerning the  effect  of  higher  oxy«en  concentrations 
upon  lactic  acid  bacteria,  other  than  the  well  .nown 
poisonous  effect-  of  slightly  higher  oxygen  concen- 
tratlons  than  those  included  i„  their  range  of  growth 
Much  Of  the  apparent  effect  of  pressure  upon  n^crohi- 
»1  Ufe  m.y  he  a.3i..„ed  to  changed  i„  the  oxygen  con- 
centratlon  of  the  medium  (Rahn).    The  .ode  of  the  dl,- 
infectlon  effect  of  desiccation  is  also  ascribed  to 
action  Of  oxygen,    neath  by  drying  Is  said  to  be  an 
oxidation  process  by  which  fact  «ay  be  explained  the 
increased  rate  of  death  when  desiccated  cells  are  held 
under  high  oxygen  concentration  condition.. 

IV.     Influence  of  Hydrogen  Ion  Concentration 
upon  Lactic  Acid  Bacteria? 

1.    3arly  reports  of  influence  of  acid.. 
The  effect  of  acids  upon  lactic  acid  bac- 
teria was  observed  by  the  early  workers  on  lactic  acid 
fermentation.     In  1841  Premy  and  Boutron  Chalard  as- 
cribed the  cessation  of  action  of  their  -ferment  lae- 


tique-  to  the  harmful  Influence  of  the  lactic  acid 
present  in  the  median,,    others  of  the  early  investi- 
gators n«de  alrnilar  observatioas  which  were  in  accord 
with  the  general  understanding  that  an  accumulation 
of  the  products  of  a  fermentation  soon  inhibited  the 
activity  of  the  ferment.    However,  it  was  soon  seen 
that  the  influence  of  acids  upon  lactic  acid  bacte- 
ria was  not  limited  to  those  produced  durinj.  the  fer- 
mentation.     It  was  found  that  mineral  acids  exerted  a 
stin  more  harmful  influence  than  did  lactic  acid, 
"^elpmann  (1910)  re:«rt:.  early  investigations  showing 
inhibition  of  lactic  acid  bacteria  by  0.07;^  to  0.08.'? 
hydrochloric  acid  and  0.04j«  sulphuric  acid. 

The  relative  Influence  e::erted  by  dif- 
ferent acids  and  the  harmful  influence  of  all  acids 
were  explainel  more  fully  by  the  introduction  of 
phyolcal  chemical  methods  into  the  investigations 
of  the  biology  of  lactic  acid  bacteria. 

a.    Mlchaelis  and  Uarcora's  interpretation 
upon  the  basis  of  the  effect  of 
Ilydrogeii  ion  concentration. 

In  1912  aiohaella  and  tfarcora  explained 

this  question  in  a  convincing  and  illuminating  manner. 

They  grew  the  lactic  acid  bacterium,  B. 
coll.  In  Ip-ctose  broth,  to  which  varvin/?  amountfl  n-r 

diJSeSf  ''''''''  ^^o^wiKanSiVJhe 

of  Si  initial  alTfallnlty,   the  concentration 

iLm!  '^^^^^  prooeeaeB  of  the 

fin*??    It    bacterluiT,  were  inhibited  was  alwaya  prac- 
iJuld  h"iS%^*r'.  different  amounts  Jf  acid 

would  have  to  be  introduced  in  order  to  brlnr  these 
broths  of  different  initial  alkalinity  up  to  this  ( ) 


cation,  as  lactate,  in  m^L^  f  diaaociation  of  its 
«r,parer;tly  liJ^iJea;.  concentration  were 

Thl.  worlc  explained  the  harmful  Influence 
of  acids,  not  upon  the  anount  of  acid  introduced,  but 
upon  the  hydrogen  ion  cnnoentratlon.  which  la  the  ba- 
Bis  upon  Which  this  envlPonTnental  factor  will  be  dis- 
cussed in  the  following  paragraphs. 

3.     (H*)  zones  as  limits  of  growth  for 
lactic  acid  bacteria. 

Prom  their  results.  Mlchaelis  and  Mar- 
cora  concluded  that  B.  coll  was  Inhibited  m  hydro- 
gen ion  concentration  above  ^  5.    The  work  of  these 
»en  has  been  extended  by  other  investigators  to  so 
great  a  number  of  species  and  Btrains  of  bacteria, 
(many  of  the™  lactic  acid  bacteria),  that  it  may  be 
regarded  as  established  that  all  bacteria  are  limit- 
ed to  fairly  definite  zone,  of  hydrogen  ion  concentra- 
tlon  toleration  and  that,  under  like  conditions,  these 
sones  of  hydrogen  Ion  concentration  toleration  are 
practically  a  physiological  constant  for  many  of  the 
different  species  and  strains  of  lactic  acid  bacte- 


ria. 


a.  Comparison  of  the  two  standpoints 
fro:3  which  pH    toleration  of 
bacteria  is  considered. 

The  (H+)  tolerance  of  bacteria  has  been  de- 
veloped from  two  aspects.    *orklng  with  proteolytic 
organisms.  Itano  determined  the  pH  range  of  actual 
growth  by  inoculating  vigorous  cells  into  media  of  a 


ppogreasive  series  of  pH  values.    Clark  and  assoclateB 
have  been  eohcemed  with  opganisma  of  distinctly  acid 
forming  proclivities  and  have  developed  their  method 
of  detenaininR  the  (H+)  relations  of  these  organisma 
upon  Daais  of  final  pH  produced  in  sugar  broths. 

These  interpretations  are  slightly  dif- 
ferent: the  fermentation  limit  of  Clark  is  not  neces- 
sarily the  same  as  the  upper  limit  of  Itano's  pH  range 
of  growth. 

„-p  ^  V^^f  l3  evident  from  the  intensive  study 

of  Avery  and  Cullen  (1919)  upon  the  (H^")  relations  of 
pneumococcus.    They  found  that  it  la  Impoaaible  to  ini- 
tiate growth  of  this  organism  in  media  having  a  more 

wn?  J^^It^J?"  P"*^-?'  although  the  pneumococcus 

will  exhibit  a  fermentation  limit  of  pH  5.     "For  in- 
stance, if  the  organisms  are  alive  and  growing  at    Jl  5  5 
and  a  seeding  is  removed  at  this  point  and  Implanted  in  ' 
8  medium  with  a  reaction  of  pH  6.5,  no  growth  occurs." 
Avery  and  Cullen  would  terra  the  ^  zone  at  which  the 
01 cro- organism  la  able  to  initiate  growth  as  the  "limit- 
ing Initial  (H*)."    The  aame  phenomenon  is  exhibited  by 
at  least  four  typea  of  streptococcus,  although  with  these 
organisms,  the  "limiting  initial  (11+)"  agrees  more  closely 
with  their  final  "fermentation  limit". than  in  the  case  of 
pneumococci.     fSee  Part  II  of  this  paper.) 

The  lactic  acid  bacteria  have  been  inves- 
tigated chiefly  from  the  standpoint  of  the  fermenta- 
tion limit.  the  (11+)  of  the  medium  at  the  end  point 

of  the  fermentation.    As  a  measure  of  acid  production 
of  these  and  other  organisma,  the  determination  of  this 
point  han  now  auTjplanted  the  former  titrimetrio  deter- 
minations.   The  "end  point  of  lactic  acid  fermentation" 
(see  "Theoretical  Progress  of  Lactic  Acid  Fermentation") 
is  concerned  largely  with  the  "fermentation  limit"  pH 


Tiones  of  lactic  acid  bacteria. 

b.  Reports  on  pH  toleration  of  different 
lactic  acid  bacteria. 

(1)  Acid  gas  group. 

Clark  and  Lube  (1916)  later  found  about  the 

aam  limiting  (H*)  «one  for  a  large  number  of  strains  of 

B.  coll  as  that  found  by  "lichaelia  and  ?teroora.  Winalow 

and  asaociates  report  a  similar  fermentation  limit  for 

the  acid  gas  groups  studied  by  them. 

The  fermentation  limit  of  the  aero genes 
rrou'>  must  not  be  confused  with  the  final  (H+)  reached 
under  the  conditions  of  the  methyl  red  test,  aa  with 
these  organlarns  the  final  -h  value  is  very  dependent 
upon  other  reactions.     Recfent  worv  by  Cohen  and  Clark 
indicates  that,  under  certain  conditions,  these  organ- 
isms can  reach  as  high  (H+)'8  as  the  B.  coli  or  "me- 
thyl red  +"  group. 

(2)  Strep,  lacticus  group. 
Itano  (1916)  found  the  (H*")  range  of 

growth  of  Strep,  lacticus  in  rjcptone  sugar  free  broth 
to  be  between  pH  4.7  and  pH  9.5.    avans  has  sliown  that 
the  final  (H+)  reached  in  different  sugar  broths  by  dif- 
ferent strains  of  Strep,  lacticus  varied  from  pli  4  to 
pH  5.    Van  Slyke  and  Baker  found  the  fermentation  lim- 
it in  milk  for  other  strains  of  this  lactic  to  be  be- 
tween pH  4.17  and  pH  4.56. 

(Z)  Lactobacilli. 
As  lactobacilli  are  known  to  grow  in  me- 
dia of  higher  (if*")  than  do  most  members  of  the  other 
groups,  it  is  safe  to  assume  that  they  tolerate  still 
higher  (H+)'s. 


pHj3.7  in  railTc  incubated  at  25"  C.    Fred  and  na- 
case  ortSf^''/f'"  ferment^Uon  iL^a  Jn 

reach  J    S       Tn  These  lactobacilli 

2    °^  '^'^  ^"  certain  sufrar  media.     Thev  alan 
exhibited  a  wide  range  of  pH  toierance  as  tS^were 
able  to  Rrow  in  media  varyrng  from  pH  3.0  to  ^  I". 

(4)  Fourth  group. 
The  fourth  group  probably  exhibit  a  still 
greater  variation  in  their  final  (H+).    Certain  cocci 
studied  by  n.  C.  Avery  in  this  laboratory,  (which  pro- 
bably belong  to  this  group),  show  final  end  points  ap- 
proximating and  often  exceeding  those  of  the  lactic 
streptococci . 

o.  Importance  of  pH  toleration  by 
lactic  acid  bacteria. 

The  pH  fermentation  Halt  or  the  range 
of  (H"*")  within  which  the  life  processes  of  the  differ- 
ent lactic  acid  bacteria  will  proceed  la  of  great  im- 
portance.   Many  times  this  is  the  determining  factor 

of  the  duration  of  lactic  acid  fermentation*    the 

medium  may  still  contain  plenty  of  available  nitro- 
genous material  and  the  fermentable  carbohydrate  may 
not  be  exhausted,  but  the  lactic  acid  bacteria  pre- 
sent are  unable  to  function  in  the  (H*)  produced  in 
the  medium.  (See  "End  Point  of  Lactic  Acid  Fermentation") 


•  See  page        "End  Point",  under  "Progress  of  a 
Lactic  Acid  Fermentation". 


4.    Adjustment  of  (11+)  to  zones  favorable 
to  lactic  acid  hacteria. 

a.  Effect  of  adjustment. 

In  auoh  casea,  if  means  are  provided  to 
lower  the  (IT*-)  to  a  zone  in  which  the  lactic  acid  bac- 
teria cnn  carry  on  their  life  processes,  p-rowth  and 
functlnninp  of  the  lactic  acid  bacteria  will  contin- 
ue, even  though  they  have  already  produced  an  amount 
of  acid  which  would  prohibit  their  prowth  in  unbuffer- 
ed media.     (This  is,  of  course,  limited  to  a  certain 
extent  by  other  factors  to  be.  discussed  later  under 
"End  Point  of  Lactic  Acid  Fermentation"). 

b.  Means  of  adjustment. 
(1)  Chemical . 

In  the  early  days,  Fre.my  and  Boutron  Cha- 
lard  observed  the  effect  of  adding  neutralizinp  sub- 
stances to  the  medium  in  which  their  "ferment  lac- 
tique"  was  growing.    They  found  that  by  this  means 
the  fermentation,  which  had  been  arrested  by  the  acid 
present,  Tjroceeded  up  to  the  noint  of  usinp  up  not 
only  all  the  sucrar  present  In  the  viilk,  but  even  Jidd- 
ed  amounts.    As  early  aa  1893,  Tliqyse  ascribed  the 
formation  of  larrrer  amounts  of  acid  In  the  lactic  acid 
fermentation  of  milk  than  in  that  of  sugar  solutions 
to  the  !5»re  prolonged  activity  of  the  lactic  acid  bac- 
teria because  of  the  protection  which  was  fuminhed  by 
the  acid  combining  power  of  the  casein.    It  has  long 


been  a  common  laboratory  practice  to  add  calcium  car- 
bonate or  similar  substances  to  cultures  of  lactic  acid 
bacteria  in  order  to  permit  their  life  processes  to  go 
on  for  a  lonp:er  time. 

For  the  sane  purpose,  Henderson  and  ^feb- 
Bter  added  r^hosphate^  to  repulate  the  acidity  and  found 
that  the  life  processes  of  the  lactic  ucid  bacteria  (B. 
acidl)  proceeded  to  better  adyantapie  in  the  buffered 
medium,     lince  then  the  work  on  the  relation  of  (H+) 
to  the  bioloRy  of  the  lactic  acid  bacteria  has  explained 
this  beneficial  effect  of  neutralising  or  buffer  sub- 
stances in  the  medium. 

Von  Dam  goea  so  far  as  to  atte-rjpt  to  ex- 
plain Jensen's  report  of  increased  activity  of  lactic 
acid  bactertE  in  peptonized  milk  as  the  result  of  the 
increased  buffer  effect  of  tho  medium.    He  gires  ta- 
bles and  curves  showing  that  the  addition  of  the  same 
amount  of  lactic  acid  to  peptonized  milk,  peptone  wliey 
and  whey,  produces  the  following  (H+)'s:    1  x  IQ-^- 
2  X  10- 6.6  X  10-5.    As  thin  buffer  action  would 
permit  a  larger  amount  of  lactic  acid  to  be  formed  be- 
fore the  llraltinp  (H+)  would  be  reached,  it  is  not  sur- 
prising to  find  that  lactic  acid  bacteria  produce  more 
scid  in  n  medium  riossessinp  such  marked  buffer  action. 
Althourh  the  favorable  influence  of  the  sirapler  pep- 
tide nltror-en  uT>on  the  ladtic  acid  bwcteria  is  defi- 
nitely established,   the  examples  cited  show  that  "in 
a  study  of  the  blolorical   characters  of  the  lactic 
rcld  bacteria,  the  buffer  action  of  the.  medium  must 
be  taken  into  consideration. " 

Substances  used  for  neutralizing  or  regu- 
latinr  the  (H*)  must  be  limited  to  those  not  yielding 
ions  antagonistic  to  lactic  acid  bacteria.     (See  fol- 
lowing topic.) 


Carbonates  or  phosphates  of  the  alkalis 
or  alkali  earths  are  usually  e^ployed .  Those  of  the 
heavy  metals  are  undeairable.     Since  the  work  of  Hen- 


derson  and  ,7ebster,  polybasic  phonphates  have  been 
used  extensively  as  buffer  subatances  in  bioehemi- 
cal  tests  of  acid  production  of  the  lactic  acid  bac- 
teria, as  in  the  methyl  red  test,  etc..  Peptone, 
casein  and  other  substancsfs  present  In  the  media  of 
many  afrricultural  lactic  acid  fenaentations  also 
havp  the  power  of  removlnr  part  of  the  acid  produced 
from  the  action  on  the  bacteria. 


(2)  Binlorlcal  adjusttaent . 
Although  a  more  extensive  discussion  of 
this  question  comes  more  appropriately  later  in  this 
paper.  It  ia  interesting  tc  note  here  that,   (In  addi- 
tion to  the  buffer  action  of  the  above  substances, 
which  may  be  either  present  in  the  natural  medium  or 
added  by  design},  sorae  lactic  acid  bacteria  seem  to 
be  able  to  regulate  the  (h*")  of  the  mediura  by  means 
of  their  own  life  processes. 

E&Tly  investigators  reported  that  the 
lactic  acid  fcaeteria  seemed  to  consume  part  of  the 
lactlfi  acid  produced,        evidenced  by  lower  acidity 
of  the  raodiui.    Later  investigators  would  offer  a 
different  explanation  of  at  least  sorae  of  such  cases. 
Clark  and  Lubs  Relieve  that  many  times  this  neutra- 
lizing action  is  more  apparent  than  real,  due  to 
errors  introduced  by  titration.    The  production  of 
ammonia  from  result  of  action  on  peptones  night  in 
soTie  cases  account  for  the  neutralization  of  t-  part 
of  the  acid  produced  (Perraan  anri  Hettger  (1914),  Ir- 
vine (1916)  ).    Ayera  and  Hupp  show  that,  with  at 
lenst  some  lactic  Mid  bacteria,  alkaline  ferjoenta- 
tlon  of  salts  of  the  orgrnic  acids  produced  la  a  po- 
tent factor  In  the  neutralization  of  t}ie  acids  and 
a  consequent  decrease  in  (H*).     {3ee  "Methyl  '.led 
Test") . 

The  alkaline  fermentation  of  orpanlc 
salts  and  acids  probably  occurs  in  the  media  of 
many  agricultural  lactic  acid  fermentations.  The 
consequent  adjustment  In  many  cases  need  no t  be 
brought  about  by  the  organism  responsible  for  the 


original  production  of  the  organic  acids,  but  may 
depend  upon  the  life  processes  of  micro-organisms 
688oclated  With  them.    (Compare  -Associative  Influ- 
encea") . 

5.    Factors  conditioning  the  moment  of  the 
(H+)  factor. 

The  moment  of  the  (H^")  factor  in  the  en- 
vironment of  micro-organisms  la  emplmslzed,  but  Its 
Influence  upon  their  various  actlYltiee  should  be 
Interpreted  only  with  due  consideration  of  the  many 
other  environmental  conditions  and  agents . 

The  specific  effect  of  the  hydrogen  Ion 
13  conditioned  by  many  factors,  such  as  the  presence  of 
buffar  substances,  temperature,  food  supply,  and  others. 
Its  Influence  upon  ralcro-orRaniama  may  often  be  alter- 
ed by  the  presence  of  foreign  ions,  end  In  other  oases, 
by  the  radical  of  the  disaociated  acid  and  even  the 
undlasoclated  acid.    The  influence  of  the  foreign  ions, 
acid  rndlcals  and  undlssooiated  acids  may  be  due  either 
to  their  npeclfic  action  or  to  n  synergic  action  upon 
the  influence  of  the  hydrogen  ion  itself. 

Media  of  the  same  pH  value,  obtained  by 
the  addition  of  different  aclda.  may  have  different 
Influences  upon  certain  micro-organisms. 

•a     -  K      ,     ^o^"         ClarV  have  shown  recently  that 
mpiL^°H^*^^^  hydrogen  ion  concentrations 

w^?«^  tt^'^'^l^^        hydrochloric  acid     than  in  those 

in  which  the  pH  value  is  due  to  tho  presence  of  acetic 


'V 

Recently  it  Jiaa  been  shown  that  dlffer- 
eneea  may  exist  in  the  specific  effect  of  the  same 
hydropen  ion  concentration  upon  the  different  acti- 
vities of  bacteria  during  their  life  history.  (Cohen 
and  Clark,  Itano  and  tieill).    In  the  case  of  lactic 
acid  bacteria,  the  hydroRen  ion  may  exert  a  distinct- 
ly different  influence  UTJon  raultiplication,  upon  the 
ferraentstion  proceaa  itself  and  unon  the  end  point 
of  the  fementation  (Cohen  and  Clark). 

Further  data  concerning  the  aifrnif icance 
of  (H*)  in  the  determination  of  the  end  point  of  lac- 
tic acid  fenaentation  will  bo  given  in  the  liiscusslon 
of  that  question. 

6,    Optimum  (H*)  for  lactic  acid  bacteria. 
Deterralnatione  of  the  optinaua  (H"*")  for 
nicro-erganisras  is  more  difficult.    Probably  differ- 
ent functions  of  the  cell  vary  in  their  optimum  pH 
requirements.    Again,  different  enzymes  of  the  cell 
require  different  (ll*')'8  for  their  optimum  activity. 
Fron  these  considerations  (and  there  are  still  others) 
it  is  seen  that  determinations  of  optimum  pH  for  an 
organism  will  vary  with  the  index  chosen  for  its 
measurement. 

"Several  observers  have  attempted  to 
■aasure  the  optimum  pH  for  growth  of  certain  lactic 
acid  bacteria.    Here  the  optimum  pH  zone  may  be  con- 
sidered as  the  OTitimura  (H*)     for  those  processes  of 
the  cell  which  are  involved  in  multiplication. 


In  the  case  of  bacteria  more  sensitiTe 


to  (H*),  inveatipations  can  be  made  on  the  effect 
of  small  increments  of  pH  (Bemby  and  Avery,  on  the 
pneurrococcuB ) ,    i^lth  the  more  common  lactic  ncid  bac- 
teria, such  detennlnations  cqn  usually  be  made  only 
for  coTTparstively  wide  sonea. 

In  the  case  of  thn  lactic  stre  itococous, 
Iteno  (by  turMdity)  nnrl  Svanberg  (1910)  found  onti- 
mura  frrowth  to  occur  in  media  of  about    H  6.0. 

P 

This  question  io  Investigated  in  Part  II 
of  this  paper,  in  the  case  of  different  types  of  strep- 
tococci . 

studies  of  the  optimum  pH  for  certain 
functiono  of  lactic  acid  bacteria  are  usually  deter- 
mined by  measurements  of  their  products.    Here,  one  is 
concerned  principally  with  the  effect  on  the  enaymes 
involved . 

Itano  has  investipnted  the  optimum  pH 
for  proteolysis  of   Jtrep.  lacticus.     He  found  that 
the  greatest  accumulation  of  amino  acids  occurred  in 
broth  having  an  initial  (H"*")  of  between  ,,11  6.0  and 
pH  7.0.     This  point  is  again  investigated  in  the  case 
of  different  types  of  streptococci  in  Part  II  of  this 
pauer,  where  a  further  diacuasion  will  be  furnished. 

It  may  be  mfntioned  here,  liowever,  that, 
in  the  caso  of  some  micro-organisms,  several  enzymes 
are  often  involved  in  the  total  proteolysis  exhibited. 
In  this  case,   the  o-otimum  pH  (as  determined  Yy  a  measure 
raent  of  the  proteolytic  products)  represents  the  pH  zone 
within  which  the  sura  of  the  nroducts  of  the  different  en 
Byrnes  is  preatest.     Thicj  need  not  be  tlie  optimum  (H"*")  fo 
any  one  of  the  enzymes  involved.     Its  po3ition  will  de- 
pend upon  the  relative  production  of  the  different  en- 
zymes.    (Compare  "■eraby's  worV  on  autolysis). 

Wyeth  (1918,   1919)  has  studied  the  effect 
of  different  H-concentration. upon  B.  coll.      In  his 
report,  however,  he  iieglects  entirely  the  alkaline 
fermentation  of  salts  and  ascribes  all  of  the  alkaline 
changes  in  pH  to  the  formation  of  proteolytic  products. 


.    Influence  of  other  Chemical  Substances. 

1.     Salts  of  the  metals           general  agree- 
ment with  the        u.  F.  series 

The  presence  of  the  salt  13  of  certain 
metals  exerts  a  decided  influence  upon  the  life  pro- 
cesses of  the  lactic  ncld  bacteria. 

low  concentrat1^?*^f^Jf  "^^^  »  ^ery 

tinp  e??ect    sl  i^h?!,,  substances  has  a  stiraulL 

hibit  their '11  ff^^i^  ^^^^^"^  concentrations  will  in- 
of  fenSJntltioJ    TsJlfrM'  ^  '^^i^^"^^^  Inhibition 
quired  to  kJu  the  ceUs      StJ/'r^ ^«  ^- 
chet  fiaq^l  mnrfo  »  cells.    Later,  Chassevant  and  Hi- 

prohibit  the  SrLnlJu™^"*?  "quired  to 

("dose  antibiotJqSI-)!^^       inoculum  is  introduced 

renreBen  +  a  +v,^  »        °y*"K>.   the  second  dose  probably 

c^frrbS^ai'?:  tTT2,r,n^\Tti:''i^r ''^^ 

that  n,ieht  be  liberie"  frofthe  cens  ^^J"^^^  . 
of  enzyme  liberated  from  ce?ls  of  tlie  8«,a!i  ?  ""T* 
would  not  produce  a  detectable  a^^^t  oTac'id' 

The  following  table  is  from  their  results. 
The  figures  represent  the  gram  molecules  per  liter  re- 
quired for  their  -dose  antiblotique "  or  killing  of  cells 
and  inhibition  of  enzyme  action,  and  for  their  -dose 
antigenetic-  or  Inhibition  of  growth.    A  study  of  this 
table  shows  n  close  relation  between  the  Influence  of 
metallic  Ions  and  the  position  of  the  metal  in  the 
electroraotire  series. 


Salt 

"Dose  anti- 
ne  bio 

"Doae  anti> 
Diotique " 

Helatire 
Harmful  Effect 

LiCl 

0  .5 

14 

BaClg 

0.125 

0.25 

13) 

SrCl2 

0.125 

0.25 

13) 

CaClg 

0.15 

0.4 

12   i 

1 .5 

15 

0  .037 

11 

IfnClo 

O    HA  Ail 

0.0085 

10 

ZnClg 

0 .0035 

8 

CdClg 

0 .0021 

6 

•  '  •  UU4 

0  .005 

9 

CoClg 

f\  AAAA/!C 

0  .00065 

] 

itT  4 

NlClg 

0.000125 

0.0002 

3 

Pb ( NO  1 

ft  nf\%A. 

0 .0061 

9* 

H 

CuClg 

ft  ftr»i  *\ 

0 .0015 

7 

0.000185 

0.000185 

4 

PtCl4 

0.00025 

0.00075 

5 

AuClg 

0.0006 

0.000165 

2 

Remarks 


fin  agree- 
[ment  with 
[obaervations 
^made  In  add- 
ling CaCOj  and 
|T3aC03  aa  neu- 
tralising 
[ substances . 


Compare 
Belerjlnke 


The  relative  effects  of  raoat  of  these  me- 
tallic iona  concur  with  the  phenomena  observed  in  the 


NOj.«*^^o  CI 


relation  of  toxicity  of  cations  in  general  physiology. 
With  most  organisms  the  toxic  effect  of  metallic  ions 
varies  inversely  with  the  electrolytic  solution  ten- 
sion of  the  raetal . 

Zinc,  calcium,  nickel,  and  especially  co- 
balt are  out  of  position,  but  these  ions  have  been 
found  in  experiments  on  other  organisms  to  be  store 
toxic  than  explained  by  their  position  in  the     .  'A.  F. 
series.    In  view  of  the  complexity  of  the  medium  used, 
these  results  cannot  be  interpreted  as  the  absolute  and 
specific  effect  of  the  ion.    The  agreement  with  the 
solution  tension  series  night  be  even  closer  if  the 
possible  interfering  action  of  the  medium  were  re- 
moved .     { Conpare  'JcClendon ) . 

2.    Ions  exerting  selective  action  on 
lactic  acid  bacteria. 

a.  Zinc  ion. 

Zinc  salts  seem  to  exert  a  particularly 

harmful  influence  upon  lactic  acid  bacteria. 

M.  ;y.  Peierjinke  claims  that  iac-tio  -licro- 
organisms  are  ihhibited  by  so  much  lower  concentrations 
of  2inc  salts  than  are  acetic  bacteria  that  the  two 
groups  may  be  distinguished  by  that  characteristic. 

b .  Fluoride  ion . 

Hydrofluoric  acid  and  fluorides  also  seem 

to  be  particularly  harmful  to  lactic  acid  bacteria. 

J'ffront  has  annlied  this  phenomenon  in 
the  fermentation  industries.     Py  the  introduction  of 
small  concentrations  of  these  substances  to  the  medi- 
um of  alcoholic  fermentation,  growth  of  lactic  acid 
bactPTia  is  prevented  without  disturbing  the  activity 
of  the  yeast.    Effront  (1694),   however,   has  found  that 
lactic  acid  bacteria  laay  become  accustoned  to  the 
presence  of  fluorides. 


c.  Phoaphatee. 
T^uler  and  Syanberg  (1917)  report  favorable 
influence  upon  lactic  acid  fermentation  is  exhibited 
by  sodium  phosphate.    Although  the  authors  claim  t>iat 
this  ia  not  entirely  flue  to  the  buffer  action  of  the 
phosphate.  Van  Dam  does  not  believe  their  results  jus- 
tify the  conclusion  that  phosphates  exert  a  specific 
favorable  influence  upon  the  fermentation  process  it- 
self. 

The  well  known  favorable  effect  of  the 
addition  of  phosphates  to  increaije  the  buffer  value 
of  media  is  evident  in  the  prowth  of  all  raicro-organ- 
iams.  Althouph  it  is  very  advantajTieous  in  the  case 
of  lactic  rcid  bacteria,  it  is  just  as  necessary  in 
the  case  of  any  micro- organ ism  which  produces  sub- 
stances tending  to  change  the  reaction  from  the  oi>- 
tiraum.    Their  effect,  then,  is  not  a  specific  action. 

3  .    Coraraon'^d'is'i'nfe ctants . 

The  lactic  acid  bacteria,  beinr  non 
spore  bearers,  are  not  relatively  resistant  to  the 
common  disinfectants.    Bven  in  milV>  which  is  a  pro- 
tective medium,  large  concentrations  are  not  required 
to  inhibit,  or  at  least  retard,  their  development. 
A  detailed  consideration  of  the  action  of  antiseptics 
upon  lactic  acid  bacteria  is  not  pertinent  to  the  sub- 
ject of  thla  paper,  as  the  addition  of  such  substances 
to  the  media  of  agricultural  lactic  acid  fermentations 


is  usually  undesirable. 

Thompson  (1896)  and  Duclaux  (1901)  report 
the  action  of  Tarious  disinfectants  upon  lactic  acid 
hac  teria . 

ChloroforTn  and  benzene  have  been  found 
to  be  not  very  toxic  to  lactic  acid  bacteria.    In  small 
doaes,   (as  in  case  of  ?netallic  salts),  formaldehyde  has 
been  found  to  exercise  a  stimulation  of  lactic  acid  fei^ 
mentation,     (dppenheiraer,  1913). 

4.  Lecithin. 

Epstein  and  Olsara  (1912)  have  investigated 
the  influence  of  lecithin  upori  lactic  acid  bacteria. 
They  found  that  this  phosphorized  fat  tended  to  increase 
the  acid  production  of  the  lactic  acid  bacteria  tested; 
it  had  an  irrepular  effect  upon  gas  production  of  lac- 
tic acid  bacteria  of  the  first  group,  varying  with  the 
sugar  substrate  and  the  species. 

5.  Carbon  dioxide  and  other  pases  orising 

in  putrefaction. 

Trillat  (1912)  found  that  carbon  dioxide 
and  possibly  also  other  gases  evolved  in  putrefaction 
tended  to  promote  lactic  acid  production  by  lactic 
acid  bacteria.    The  influence  of  these  substances  upon 
the  reaction  of  the  medium  may  also  be  a  factor  in 
these  cases. 

VI.    Influence  of  Different  Concentrations  of  Salt. 
As  intlnated  under  "Osmotic  Pressure", 
high  concentrations  of  salt  and  other  sodium  and  po> 
tessiura  salts  exert  a  certain  influence  upon  all  t1- 
cro-organisma.    This  influence  usually  involves  a 


number  of  both  physical  anl  cheuical  factors.  Due 
to  the  fact  that  aalt  ia  the  substance  usually  employ- 
ed to  bring  these  factors  into  play  in  the  enrironment 
of  lactic  organisraa,  the  subject  is  discussed  as  a 
whole  under  the  head  of  "Salt". 

1.     Influences  operating  — plQrsical  and 
chemical . 

The  effect  of  different  concentrations 
of  salt  upon  lactic  acid  bacteria  nay  be  conTeniently 
grouped  under  the  chemical  effect  of  the  ions  them- 
selTea  and  the  physical  and  chemical  effects  induced 
In  the  enTlron'aent  by  the  presence  of  these  ions.  The 
chemical  effect  of  the  ions  would  Include  the  effect 
of  both  cation  and  anion;  this  effect  raifrht  be  either 
specific  or  synergetic  in  presence  of  other  ions.  Ap- 
parently the  Che  Ileal  effect  of  the  Na  and  CI  ions  is 
slight.    The  reports  (Rahn,  1917)  of  less  retardation 
of  growth  by  potassium  salts  than  by  sodium  salts  sug- 
gest that  micro-organisms  may  not  be  absolutely  indif- 
ferent to  their  presence.*    3ome  inyestipators  (Ader- 
hold,  1910)  report  favorable  effect  of  relatively  low 
concentrations  of  these  ions  upon  lactic  acid  fermen- 
tation, but  the  complexity  of  factors  involved  pre- 
cludes assigning  this  to  chemical  properties  of  salt. 


*  This  fact  may,  however,  be  due  to  an 
actlvatinp  influence  of  potassium  ions. 


The  physical  effects  woulfl  include  changes  in  osmotic 
pressure  and  freezing  point  of  the  solution. 

Howeyer,  the  effect  of  concentrated  salt 
solutions  can  rarely  be  analyzed  to  one  of  these  fac- 
tors alone;  it  is  usually  a  collective  effect  invol- 
ving the  effect  of  all  of  these  factors  both  on  the 
lactics  and  on  their  environment.    Moreover,  all  of 
the  life  processes  ;aay  not  respond  in  the  same  raanner 
to  this  collective  ieffect.    Again,  liberated  enzymes 
may  not  be  influenced  to  the  same  extent  as  are  the 
living  lactics  themselves. 

2.  Effect  UTion  other  conditions  in  the 

system. 

The  presence  of  certain  concentrations 
of  Na  and  CI  ions  often  exerts  r.  contributinr  or 
counteractinp  influence  on  the  effect  of  other  en- 
vironmental conditions  confronting  lactic  acid  bac- 
teria.   Low  temperature  effect  is  probably  different 
in  concentrated  solutions  of  low  freezing  point.  At 
ordinary  temperatures,  food  conditions  are  likewise 
altered  by  presence  of  the  ions,  as  seen  in  sugar 
content  of  sauerkraut  brines. 

Possibly  the  most  important  influence  is 
the  result  of  the  effect  of  all  these  factors  upon  the 
microbial  balance. 

3.  Sffeot  unon  microbial  balance. 

The  collective  effect  of  high  concentra- 
tions of  TTa  anf5  CI  ions  produces  certain  environmental 


conditions  in  the  medium.    The  varioua  micro- organisms 
initially  present  differ  in  tlieir  fltneas  for  this 
environment  and  it  is  this  fitness  which  deterrainea 
the  nicrobial  supremacy.    Among  these,  the  lactics, 
as  a  group,  exhibit  at  least  moderate  resistance  to 
media  of  high  salt  content. 


4.    Relation  of  different  lactic  acid  bac- 
teria to  various  concentrations 
of  salt. 

That  at  least  some  lactics  possess  a  re- 
sistance consid(?rably  above  many  other  laicro- organisms 
is  shown  by  reports  of  the  following  investigations. 
(A  comparison  of  the  salt  concentrations  reported  be- 
low with  the  molar  concentrations  resulting  shows  that 
many  lactics  are  quite  resistant  to  osnotic  pressure.) 

Aderhnld  (1899)  rersorta  as  follows  the 
production  of  lactic  acid  in  beans  preserved  in  vary- 
ing concentrations  of  brine: 

(5<  NaCl,  1.593,^  lactic  acid; 
12:'  'TaCl,  1.224,^  lactic  acid; 
25;"^  NaCl,     0,21^%  lactic  acid. 

He  found  M.  pyogenes,  of  our  fourth  group 
of  lactic  acid  bacteria,  and  an  organism  apparently 
identical  with  Itrep.  lacticus  to  be  the  principal 
inhabitants  of  the  nbove  brines.     3uch  resistance,  how- 
ever, is  unusual  an<\  it  is  extremely  doubtful  if  usu- 
al lactic3  can  prow  in  solutions  much  above  12^.  (Ader- 
hold'3  raethofi  of  calculating  the  concentration  of  the 
salt  is  open  to  question,  which  may  explain  this  appar- 
ent great  tolerance  of  high  concentrations.) 

Acid  production  may  be  due  to  other  causes 
than  life  processes  of  lactic  acid  bacteria  and  it  is 
better  to  jud^re  the  influence  of  llaCl  upon  the  basis 
of  rate  of  prowth  and  inhibition  of  life.    Aderhold  (1899) 
investigated  the  effect  of  different  concentrations  of 
salt  upon  rate  of  growth  of  B.  coll  and  Bact.  guntheri 
(Strep,  lacticus).    He  found  the  colon  orpanisra  much 
less  resistant  than  the  comnon  true  lactic.    The  former 


i 


exhibited  indifference  to  concentrationa  up  to  2%  and 
Blow  prowth  in  hipher  concentrations  up  to  b.t,  beyond 
which  no  prowth  took  place.    The  true  lactic,  however, 
grew  in  concentrations  up  to        an  well        in  the  con- 
trol; 5<,  6%  and  Q%  allowed  slow  hut  diatinct  growth 
with  weaker  acid  production. 

In  InvestiRations  of  the  influence  of 
salt  on  the  butter  florn,  Oiltner  and  ]?Rker  found 
streptococci  much  raore  sensitive  to  salt  than  staph- 
ylococci anri  micrococci.    They  renort  exceptional  re- 
sistance of  some  micrococci,  nany  of  wliich  probably 
belong  to  our  fourtti  group  of  lactic  acid  bacteria. 

Evans  (1918b)  found  that  lO:^  HaCl  in 
railV  produced  c  lethal  effect  unon  one  strain  of 
Strep,  lactlcus  in  five  days;  a  hardier  strain  resist- 
ed the  sa-ne  concentration  for  ten  days.     3he  found  )iact. 
bulpraricuni  much  more  resistant  to  high  concentrations 
of  salt  than  were  her  strains  of  3trep.  lactieus. 

Jensen  (1919)  reports  the  behavior  of  a 
nxmber  of  atrfins  of  different  lactic  acid  bacteria  in 
varying  concentrations  of  salt.    He  measured  their  tol- 
erance bv  thP  a-!ount  of  acid  produced  in  glucose 
troth,  containing  0.5;^.  2.5,^.  5.55^,  10.5;1  and  15. 5;^ 
NaCl .    He  found  that  very  few  were  effected  by  2.5  and 
that  some  seemed  t.o  gro^?  even  better  than  in  the  presence 
of  0.5:^.    Concentrations  up  to  5'J  (or  anproxinately  0.9  m) 
were  more  or  less  harmful  to  all;  10. 5;^  salt  (approximate- 
ly 1.8  m)  stopped  the  growth  of  most  of  them. 

Thus,  it  is  seen  that,  while  lactica  are 
more  resistant  to  the  environmental  conditions  induced 
by  high  salt  concentrations  than  many  micro-organisms, 
salt  beyond  a  certain  concentration  precludes  their 
development  and  the  various  influences  in  such  systems 
may  even  exert  a  disinfectant  action.    Torulae  and  cer- 
tain halophilic  bacteria  survive  in  media  of  much  high- 
er eoncentrations  and  in  such  environments  would  domi- 
nate the  system.    Chanres  in  environment  produced  by 
high  salt  concentrations  and  the  consequent  determina- 
tion of  microbial  supremacy  has  a  direct  bearing  in 


many  agricultural  lactic  acid  'ermentations. 

5.    SiRnlfieance  in  aprricultural  lactic 
acid  fermentation. 

The  salt  content  of  salted  butter  ia  one 
of  the  factors  determining  -niorofcial  group  ascendancy 
in  this  medium  during  Its  storage  period,    if  held  at 
a  low  temperature,  micro-organisms  decrease  in  num- 
bers during  storage,    in  many  cases  the  salt  concen- 
tration l3  amonp  the  factors  involved  in  this  inhi- 
bition of  life.    The  resistance  of  the  lactics,  un- 
der the  oonrlltionB  i^revailing  in  salted  butter,  sur- 
passes that  of  the  usual  molds  of  butter,  (Thon  and 
Shaw.  1915),  and  that  of  rmny  bacteria;  other  micro- 
organisms, especially  liquefying  torulae,  (Brown,  1912), 
and  some  peritonizing  bacteria,  (Rogers,  1904),  are 
nore  jwrsistent  than  the  lactic  acid  bacteria.  Fet- 
tlck  also  reports  that  too  hlfh  concentrations  of 
salt  suppress  lactic  acid  bacteria  and  give  control 
of  the  butter  to  unHesirable  micro-organisms.  Fur- 
ther data  on  the  role  of  salt  at  very  low  tempera- 
tures have  been  given  in  the  discussion  of  the  in- 
fluence of  different  temperatures  upon  lactic  acid 
bacteria. 

In  curing  of  certain  cheeses  salt  con- 
centration is  apain  an  important  factor  in  the  de- 
termination of  microbial  group  suprenacy.    This  may 


extend  to  a  choice  between  lactlcs  as  shown  by  iivans 
(19181))  in  case  of  lactobacilll  supplanting  Strep, 
laeticus  during  the  ripening  of  Roquefort  cheese. 

In  sauerkraut  an<l  other  nickled  foods, 
the  predominating  type  of  JTiicro-organiSTa  is  largely 
due  to  the  salt  content  of  the  brine.    Here,  a  large 
part  of  tho  r81e  of  salt  concentration  is  due  to  its 
Influence  upon  the  diffusion  of  sugars  from  plant 
cells  into  the  brine.    This  results  in  a  raedlu-n  well 
suited  for  growth  of  lactic  acid  bacteria  and  the  in- 
creased hydrogen  ion  concentration  resulting  from 
lactic  prowth  exerts  its  usual  inhibltlTe  effect  upon 
nany  undesiraMe  micro-organisias . 

This  factor  was  recognized  by  Aderhold 
(1899)  in  one  of  the  first  Investigations  of  this  iDhase 
of  lactic  acid  ferraentation.     He  advised  the  addition 
of  small  amounts  of  dextrose  to  the  brine  of  gurkens 
to  preclude  the  possible  gain  of  ascendancy  hy  unde- 
sirable orpanisms  durinp  the  time  before  the  diffusion 
from  the  plant  cells  produced  brine  of  sufficient  su- 
par  concentration  to  favor  In.ctic  acid  ferraentation. 


INPLUBNCK  OF  BNVIROKHBWT  UPON  LACTIC  ACID 


II 


C.     INTiSRUICROBIAL  iNPLUJSHCKa 

I.    Oenersl  DiscuBaion  of   Mutual  Relations  between 
Micro- organ isms. 

1 .  Slfmif  ioance . 

2.  Asaumftd  cases  of  no  associative  influence. 

3.  Cases  in  which  type  gains  ascendancy. 

4.  Cases  of  evident  associative  action. 

yarahall'a  Explanation  of  Associative  Action  in 
Lactic  Acid  Fementntion. 

1.  Desirable  ohanpe  produnnd  in  medium. 

2.  Change  in  environmental  factors. 

3.  Production  of  acid  by  the  associate. 

III.    Examples  of  Plrorable  A.,3ooiative  Action  Sxerted 
upon  Lactic  Acid  Bacteria.  ^«"ed 

1.    Desirable  chanjye  in  medium  of  growth. 

Setter  nabulura  (furnishing  of  oimler 
nitrogenous  food  . 

T-avoracle  changes  in  (H^)  of  the  raedium. 

(1)  I/5wering  of  (H+)  by  direct  combustion 
of  lactic  acid. 

(2)  Formation  of  products  having  a  neutral- 
Izing  and  buffer  action. 


a. 


2.  Change  in  oxygen  concentration  or  other  en- 

vironmental factors. 

3.  Production  of  acid  by  the  associate  (not  associ- 

ate proper) . 

Unfavorable  Asaociatlve  Action  Kxerted  fcv  Tactic 
Acid  Bacteria. 

1.  .Significance  in  apricultural  lactio  acid  fer- 

raentation . 

2.  HxanT)ieB  of  auch  associative  action. 

a.  Influence  of  (H*"). 

b.  "Other  products". 

ether  Bxa-nples  of  Associative  Action  in  Lactic 
Acid  Fermentation. 


INPT.UKTTC?;  OF  TOVIHOHIBMT  UPON  LACTIC  ACID  BACTJ5RIA 

C.     IHroRMICROBIAL  IHFLUBNCBS 

I.    General  Discuaaion  cf  *.futua"l  Relations  be- 
tween Tiicro-o  rganiarna . 

1.  3ignif icance  . 

Since  it  is  "pertinent  to  consider  mioro- 
orfraniarao  in  their  natural  ,3urrovinfiinga  aa  significant 
as  in  a  latoratory  viurc  culture",  (Marshall,  1915),  a 
consideration  of  the  biology  of  the  lactic  acid  bacte- 
ria would  be  incomplete  without  a  diocuasion  of  the 
biological  relations  of  the  laotlcs  to  other  raicro- 
organisrna  which  are  alraost  always  present  with  then 
in  the  fipdia  of  natural  lactic  acid  fermentations. 
"Nature  prepares  but  few  pure  cultures  and  in  any 
natural  microbial  nrocess  there  are  concerned,  at 
least  in  the  beginning,  always  -nore  than  one  speclea". 
Probably  nowhere  is  this  more  true  than  in  agricultu- 
ral lactic  acid  fermentations. 

2.  Aaauraed  easen  of  no  associative  influence 

If,  in  thenc  mixed  cultures,  each  prew  a« 
if  alone,  the  change  produced  in  the  medium  would  be 
merely  the  resultant  of  all  the  physical  and  cheniioal 
changes  brought  about  by  the  life  proceasea  of  the  dif- 
ferent micro- organisms  present,    Thia  relation,  however, 
seldom  exiata. 


3.    Caaea  in  wlilch  type  gains  ascendancy. 
In  many  caeea.  one  species  or  group  of 
micro-organismB.  which  is  hest  adapted  to  the  medium, 
beco^a  more  or  leaa  dominant  and.  at  times,  gains 
the  ascendancy  to  such  an  extent  that  the  ultimate 
chanfro  m  the  medium  is  practically  the  same  as  that 
t^hlch  would  occur  If  it  alone  were  present.  (Exanplea 
Of  thi3  relation  are  often  seen  in  the  early  sta.ea  of 
the  natural  fermentation  of  millc.     m  such  cases,  mu- 
tuca  influence  doe.  not  enter;  it  is  merely  a  question 
Of  which  micro-organiam  survives  in  the  struggle  for 
existence,    whether  or  not  it  i3  the  lactic  acid  bac- 
teria Which  (jain  the  ascendancy  will  determine  .vhether 
lactic  acid  fermentation  will  te  the  Omnge  induced  in 
the  medium.     The  geinlnp  of  ascendancy  in  the  medium 
by  the  lactic  acid  bacteria  win  depend,  in  such  caaea. 
upon  the  relative  fitness  of  the  environment  for  the 
different  micro-organisms  of  the  flora  (the  fitness  of 
the  environment  will  Y.o  decided  by  the  temperature. 
oxypnn,  food,   (H+),  and  other  relations  discussed  in 
preceding  topics),  and  unon  the  relative  numbers  of 
the  lactic  acid  bacteria  and  the  other  organiama  Ini- 
tially present  in  the  system. 

4.    Cases  of  evident  associative  influence. 
In  other  cases,  certain  mlcro-organisma 
exert  a  decided  influence  on  the  others  present,  pei^ 


haps  favoring  the.  i„  their  develo.nent  and  their  phy- 
Biological  functionine.  perhaps  himlering  the™.  Ab 
thiB  niutual  influence  or  associative  action  of  mlcro- 
organiama  asamnee  great  importance  in  many  agricultural 
lactic  acid  fennentationa.  several  investigatora  have 
studied  the  biologic  relations  existing  between  lactic 
acid  bacteria  and  micro-organisms  associated  with  them. 

11.    Marshall's  Kxplanstlon  of  Associative  Action 
in  lActic  Acid  Fermentation. 

The  first  extensive  Investigations  in  the 
field  of  associative  action  in  lactic  acid  fermentation 
were  concerned  with  cases  in  which  the  life  processes 
of  lactic  acid  bacteria  were  furthered  ty  other  micro- 
organisms associated  with  ther,.     in  the  report  of  these 
inveatigatlons.  iiarahall  (i903.  1904.  1905)  enumerates 
some  of  the  explanations  offered  as  possible  for  the 
furthering  of  lactic  acid  fermentation  by  the  associ- 
ate raicro-organlsras . 

1.    Desirable  change  produced  in  medium. 


a, 


Products  formed  by  the  associate  bac- 
teria, which  may, 

(1)  Provide  a  better  pabulum  for  the 

lactics . 

(2)  Neutralize  the  acid  formed  by  the 

lactics,  and  thus  stiniulate 
their  frrowth. 

2.    Changes  in  environmental  factors. 

Associate  bacteria  may  exert  some  influence 

upon  the  lactic  acid  bacteria  in  their  relation  to  oxyw 

gen  supply  and  other  environmental  conditions. 


^.    Production  of  acid  hy  the  associate . 
Acid  produced  by  the  associate  micro- 
or^anlan.         account  for  the  increased  acidity  in  the 
combination;   (in  which  caoea.  there  ^y  be  „o  asaocl- 
^tive  influence  proper). 

These  explanatlona  still  hold  end  the  au-- 
Ject  IB  wen  approached  by  a  consideration  of  the  evi- 
dence in  favor  of  each  of  them. 

III.    ^^^amples  of  Farorable  AsBociatiye  Influence 
Exerted  unon  Lactic  Aold  Bacteria? 

1.    Beairable  chanpe  in  medium  of  growth, 
a.  Better  pabulum, 
tfarahall  found  that  lactic  acid  bacteria 
prown  in  mllV  in  which  peptonizing  bacteria  had  grown 
produced  «  larger  amount  of  lactic  acid  than  when 
prown  in  milV  in  pure  culture,     it  will  be  recalled 
that  -peptone-  U  a  very  favorable  nitrogen  medium 
for  lactic  acid  bacteria  and  that  the  content  of  un- 
digested milV  is  relatively  low.     ..urthermore .  many 
lactic  acid  bacteria  exhibit  very  alight  ability  to 
attacv  casein,  while  the  asaociate  bacteria  possess 
evident  power  of  hydrolyzlng  this  protein  to  simpler 
products  more  easily  utiliaod  by  the  lactic. 

Thla  Interpretation  of  r^'arshall  m.a 
strengthened  by  the  results  later  obtained  by  Jensen 
in  railV  cultures  in  which  the  casein  had  been  hydro- 


lyzed  wlthi.ut  the  aid  of  anBociat.  micro-organisms. 
(See  "Influence  of  iTltropenous  Food"). 

These  facts  Indicate  that.  In  scne  casea 
at  least,  the  furthorlne  of  the  life  processes  of  the 
lactic  acid  tacterla  is  due  to  an  alteration  of  the 
casein  to  products  offering  a  ^ore  available  source 
of  nitrogen  t.  the  lactics;'.    moreover,  that  this 
favorable  influence  has  been  due  to  the  life  J^rocesses 
of  the  associate  njlcro- organ  isms. 

The  sti'nulation  of  the  Tactics  occurred 
In  many  of  these  experiments  when  the  associate  bac- 
teria .vere  reeved  Y.y  steriliaatlon  of  the  be- 
fore beinr^  inoculated  with  the  lactic  acid  bacteria. 
It  is  safe  to  assu-ne  that  in  these  ca^es  the  ns^soci- 
ative  Influence  i^  due  to  th-j  better  oabulum  for  the 
lactic  acid  bacteria,  which  ia  presented  by  the  medi- 
um after  its  enrichment  with  thermolabile  products 
{probably  hydrolytic  products  of  casein)  of  the  associ- 


ate  . 


Infin^v,^^    ^  Koestler  (1907)  explains  the  favorable 
as  due  partly  to  the  chanpe  this  associate  bacteriara 
ricJicf  nitrogenous  nnurishment  offerer^  the 

lacticB.     Jorthrup  (1912)  also  ascribeo  part  of  the  fa- 
vorable associative  influence  of  her  red^asja  to  a 
similar  action  on  the  casein. 


tlvP  a^ti       !  Kendall's  (ir-lO)  observation  of  associa- 
FToL  il  li.t''  ""^  ^-  'nesenterlcus  when 

8^Si^^r  trSosr??raT%^''°*'^r,^^^""'^^^  conditions 
AJiJiri    uo  inose  first  obspirved  by    farshali       Moyhs  ♦ 

the  proteolytic  action  of  the  actlveirneJJonizw'bl  ' 

fac'i"rir"'The'"^'r^  "  Pa'-lum  fort'he"Mc?ir;cid 
or'^l^  .^,i2\'oTl^^^^^^^^^  repulate  theln^) 

rrowth  of  the  colon  baclliur  enhance  the  continual 


Besides  these  examples  of  fayoratle 
associative  action  due  to  a  recognised  chan^^e  m  the 
nitPoKenous  .^xterial  offered  to  the  lactics.  all  cases 
«re  not  so  easily  explained,     m  some  of  Marshall's 
exponents  the  nti^ulatinf,  substance  .reduced  ty  the 
associate  bacteria  proved  to  be  thern«,lablle .     The  fa- 
vorahle  Influence  upon  the  lactic,  m  the.e  cases  ^ust 
have  been  due  to  some  unrecognized  thernolablie  pro- 
duct  or  to  the  action  of  enzymes  or  toxln-lllce  sub- 
stances  secreted  by  the  associate  -.icro-orBanlsm.  or 
possibly  comparable  to  northrup's  -other  products". 
(See  below.) 

b.  Favorable  change  in  (ll*)  of  the  raediura. 
The  favorable  Influence  which  an  associate 
organism  would  exert  upon  the  lactics  by  neutralising  the 
ecld  produced  Is  quite  evident  from  the  discussed  re- 
lation  of  (H+)  to  lactic  acid  bacteria.     In  this  phase 
of  favorable  aaaoelative  action,  the  associate  ralcro- 
orpanlsrn  may  piny  the  role  cf  reprulator.  either 

by  uslnp  un  the  lactic  acid  directly  or  by  the  secretion 
or  excretion  of  products  which  will  exert  a  neutraliz- 
ing or  buffer  action  u-,on  the  acidity  produced  by  the 
lactic  acid  bacteria. 

(1)  Lowerinp  of  (H*)  by  direct  com- 
bustion of  lactic  acid. 
The  lactic  ncH  consuTiinB  power  of  Oldlum 

lactie  la  well  known;  it  ia  known  also  that  it  produces 

products  from  nitrogenous  substances  which  would  tend 


to  neutralize  the  lactic  acid  forced  in  asaociated 
culturea.    From  this  3tandpoint  is  explaind  the  co.n- 
^on  laboratory  observation  that  lactic  acid  bacteria, 
pure  cultures  of  which  die  rather  soon  in  milV.  live' 
for  a  long  time  in  milv  culture,  in  which  nidiua  lac- 
tia  in  also  present. 

(2)  Forrnation  of  products  liaving 
a  neutralizing  or  buffer 
action. 

Besides  thene  exa-nples  of  lowering  of 
the  (H+)  by  nctual  combustion  of  lactic  acid,  many 
times  this  effect  is  trouRhf  about  by  neutralizing 
or  buffer  substances  introduced  into  the  medium  by 
the  life  processes  of  associate  organises.    The  pro- 
duction of  am-nonla  and  alkaline  fermentation  of  or- 
panic  acid  salts  would  be  ainonfr  the  n^ens  by  which 
associate  bacteria  could  lower  the  (H+).  .'tereover, 
the  investigations  of  Von  Dan  (1918)  and  others 
Bhow  that  the  hordrolysis  of  proteins  by  peptonizing? 
bacteria  would  increase  the  buffer  value  of  the  me- 
dinrn  by  formation  of  substances  capable  of  resistinp 
changes  in  in*'). 


2.    Changes  in  oxygen  concentration  or  other 
environmental  factors. 

In  some  lactic  acid  fermentations  the  fa- 
vorable associative  action  may  be  due  to  an  influence 
exerted  by  the  associate  micro-organism  upon  the  oxy- 
gen 8ur>ply  and  other  conditions  in  the  environment  of 
the  lactic  Rcld  batfteria.    .5ince  the  time  of  Pasteur 
it  has  been  Vnown  that  the  riresenoe  of  obligate  ae- 
robes favors  the  growth  of  anaerobes.     It  has  also 
been  shown  that  many  lactic  acid  bacteria  grow  best 
in  low  oxygen  concentration.    Hence,  it  is  but  natu- 
ral that  the  presence  of  obligate  aerobes  with  the 
consequent  lowering  of  the  oxygen  concentration  should 
facilitate  the  growth  of  lactic  acid  bacteria. 

Koestler  interpreted  th-  favorable  in- 
fluence of  his  associated  obligate  aerobes  to  such  a 
lowering  of  the  oxygen  concentration  tn  a  zone  n»re 
nearly  the  optimum  for  the  lactics.    "iorthrup's  (1912) 
red  yeasts  were  also  obligate  aerobes  and  she  believes 
this  accounts  for  one  of  the  phases  of  their  beneficial 
associative  action.     (Beierjlnk  has  used  yeasts  in  as- 
sociation for  the  culture  of  anaerobes). 

This  factor  might  be  particularly  potent 
in  cases  In  which  the  associated  aerobe  formed  a  pel- 
licle on  the  surface,  thus  not  oily  using  up  the  oxy- 
gen in  the  liquid  but  also  MKChanlcally  hindering  its 
entrance  .  This  was  the  case  in  one  of  the  experiments 
of  Koestler,  who  grew  a  nycoderma  in  association  with 
B  .  case 1 . 

Doubtless,  at  times,  more  than  one  of  the 
factors  Included  in  these  explanations  are  required  to 
account  for  all  phases  of  the  beneficial  associative 
action . 


Th»  po.,.Maty  or  production  of  ,cl. 
t>,.  .  account  for 

ir  T""  "  ""'^  «- 
"t"        tH.  p„ce.„.  or 

•xa-.ple,  of  assoclatlre  action  „ 

"  action.    Moraccr.  probably  tha 
wblcb  ba.  tb.  eraataat  tol.ratlon  to 
Prcduo,  a.  ,r..t  .„  ^^^^^ 

.»uia  1„  tba  presence  of  anotber  type  .bleb  ... 
'"latant  to  acl.a  (pro.,,,,  ^^^^^^ 
sane  acid). 

Biological  relation,  between  lactic  .eld 
*.=  .eri.  ana  otber  .lc„-„re.„la„.  are  not  ll»lt,d  to 
C""  i.  .hlcb  tbe  a.,oclatl„  mnuenoe  1,  beneficial 
"'ny  tl™,  tb,  lactic  acid  b„terl,  „.l„  ..cendancy  In  ' 
""1.  in  ,blcb  other  organl...  .re  preaent.  Tbl. 

rZlT  '°  tboee  „rooo.ed  b, 

'«r.b.ll  .itb  tb.  .xceptlon  tb.t  tbe  cbange  produced 

.111  bave  an  Inhibitory  influence  upon  tbe  other  .Icro- 
organlaina  present. 


2.    Exaraplea  of  such  aasooiative  action, 
a.  Influence  of  (H+). 
•»e  know  that  high  {H+)  will  inhibit  the 
growth  of  many  bacteria,  and  >nore.  that  prolonged  pre- 
sence In  such  a  medium  may  hare  a  lethal  effect.'  The 
hl^*  (H.)  hrourht  about  by  the  l.ctlc  acid  produced 
by  the  life  proceasea  of  latftlc  acid  bacteria  often 
results  in  the  complete  Inhibition  of  other  Micro- 
organisms present,  some  of  which,  if  not  inhibited, 
would  produce  undesirable  changes  in  the  medium. 
Strllcinp  examples  of  this  phenomenon  are  seen  in  many 
agricultural  lactic  .cid  fer.:«ntations.  such  as  in  the 
natural  lactic  acid  fermentation  of  millc.  the  prepara- 
tlon  of  sauerkraut,  etc.. 

h.  "Other  products." 
?Torthrup  (1911)  has  shown  that  in  some 
cases  the  acid  itself  may  not  be  the  only  factor  to 
account  for  the  unfavorable  influence  of  the  products 
of  lactic  acid  bacteria  u^.on  other  microbes. 

<  interestlnp  investitration  on  th« 

i^nT°*  °l  P^'^"^*^  of  rrowth  of  lactic  bacteria 

t?«^    ;  typhosus,  she  ol.served  that  the  permlcidal  ac 
rJordl^o?i*"''^°  of  different  lactic  acid  baJtoJla  ^ll 
elL      (viy  P'^PO'tional.  to  the  degree  of  acidity  o? 
each. ^   (her  measurements  are  not.  howerer.   in  terms  of 

It  Is  possible  that  nt  least  some  lactic 
organisms  produce "o ther  products-  than  acids,  which 
are  also  a  factor,  as  well  as  the  actual  (H+).  in  the 
inhibition  of  growth  of  other  micro-organisms  associ- 
ated with  them. 


crooocci    dlsannpar  ,    "  cultures      t»,«  7 

»ent  in  the  .llT     (o^j:?  ^-^bonatels  Ji-e 

Moreover    fho       '     ^'^••"er  itictors  may  bp  iv,,r-T  . 

-o'i-ta  have  also  been  re- 
co^l.ed  by  other  worlcer..  i„  the  case  c  i 

Closely  related  to  the  .ost 

the  noet  conr^on  lactic  acid  bacteria. 

within  the  ^o^daSe3°''"f  J!Srff  "^^  ""^  strictly 
are  based  ur^on  the  effect  Influence,  aa  thL 

Mllty  of  certaln%lcro.orL  P'oducta  upoA  ?he  a!^ 

The  Initiation  of  ^ItlV        ''^'''^^        Initiate  growth 
jay  exhibit  d^^cj^ed^rd  Vfe^e'n^'riJ^f"^  ^nocu'JaJ 
the  actual  annoclatlve  prowJh  „f  would  ^ 

JerenrL"?"'''  ?'°"°r"o;^!''un  the  L^^^  oreanlsma 

growth  wouir^x^^i  af  I'eS'riua'??^''^^"^ 

er  serve  as  n^dla^'^o^rjie^^rJiS''  ^'S"  ""i?^^  """8- 
of  human  origin.    MarmorcV  JejSdeJ  J^^*""  ^*'«Ptococol 
highly  specific  and  ln°lcatlvr«?  ^^^^ 
coques  pathogene  paur  1 'homJ  »°  t>  J  strepto- 
beon  proven  to  be  non-apeSmo.  ^^'^^  however. 

between  certain  pneSc'oci f an<i  ^Vrf'^'fl 
be  explained  only  bv  th^  T„rf         *  •  ^'^^ch  seen  to 

products.    lie  ?;Jnd  tw  ^^5,^"^"°^  metabolic 
In  plain  bouillon    which  '^^  ^^il  to  rrow 

coll.    The  Inhlblto^  "metabolized"  by  B 

Of  the  colon  o^JgaJjs^  i^rrrje^Jla;  e^Mb^^^r*^  ^'-^^ 
the  reaction  har!  been  adiuaterin^  exhibited  even  after 
added  to  the  medium      ^r«^  v  •,  fermentable  oupar 

the  abnitv  of  a  3?renW^  ^^Hevea  that  ■•aT>parentlJ 
to  rrow  in  a  medlum^'^J^bon^'d".  ^"^  o?ganls,f 
dependent  wholly  unorSe  ^Mi  Jf^  another  organism  is 
'f}?A^^  rnetabo lie  products  o?  JL%  I'*^  ^  *ole- 

utlllze  certain  nutri??^l*luS^ta'5Li\^*?^u?flk2^ 


trt  no%"X-ny^|uIn"???a%^^;i         J^f  fuch  delation 

growing  orpaniam  may  produce  certrtn  ♦^^^''^^^ 
even  in  small  quantitler^v  inhf^f.  aubatancea  which 

ganis^na  of  grea%er'^JJ^^??LJnTL'Uufrt^??y!^ 

The  Influence  of  such  products  upon  the 
end  point  of  lactic  acid  fermentation  will  be  discussed 
under  -Theoretical  Progress  of  Lactic  Acid  Fermentation 

V.    Other  T^xa-iples  of  Associative  Action  in 
Lactic  Acid  Fermentation. 

The  literature  furnishes  many  other  refe- 
rences to  associative  actlnn  as  a  factor  to  be  consider- 
ed In  a  discussion  of  the  relation  of  lactic  acid  bac- 
teria to  their  environment. 

Kyans,  Hastinps  and  Hart  (1914)  founH 

?SeTl?3o"repo%"t°?ts  T^?"  rlXllV o^clLse . 

iney  axso  report  its  influence  on  sugar  f ementations • 
•'In  many  caaea  acid  wa.j  produced  from  a  riven  aSbatanne 
by  tho  aasociated  action,  when  neither  cuiJuJe  iJrS 
alone  would  pive  such  a  reaction."    (iuantitativria  wfll 
isa?c?ateJ!'"'  dlfferencea  were  exhibited'  by "l?f"ert'' 

T,~««„««     ^    Hammer  (1914)  reports  the  influence  of  the 
presence  of  lactic  organisms  upon  the  color  production 
or  H.  cyanogenes. 

«t4^»  Buchanan  and  Hammer  (1915)  believed  aasoci- 

f^il  ^      ^''"."f  organisms  to  be  one  of  the  fac- 

tors involved  in  the  development  of  sUny  and  ropy  milk 
in  the  presence  of  lactic  streptococci. 

+  4  Hammer  (1919)  has  also  reported  that  the 

relative  production  of  volatile  acids  in  "starters" 
seems  to  depend  unon  the  aaaoclatlve  action  of  the  lac- 
tic streptococci  and  other  micro-organisms. 


fluence  did  not  aff-et 

the  production  of  acid, 
no  a3aocia??jrjJt?rS  i^^^i^fg  )  found  that 

^^^-r^^^r'^B  lnt  >  Btiinl  ^il^y^^  °f  different 

tn.te  Of  bu^?;ir"^:"ta'ia'io^?*=^?'«'»  Veaaty- 
Uctlc  acid  fectarla  ^eaatl!''' 

their  lact??^°Jir^,S?,^^j;;M  1904)  reported  that 
aBSoclatlvo  infiu^^^f  j:^;^  exerted  an  unfavorable 
yeaata.      IlfilLa-rhWoJi^n,!  ^  l*^  Production  by 
did  not  find  so  P^oSunld  1°  (1912) 
JetTrecn  yeoate.  aJdTxcUc  a^,*;**»°f'*"^«  Influence 
£Poia  wine.  -^  icic  acla  foining  uicrococcl 

tlve  rel«t?onJ\iJjJfjl  ?^^/fP^r*°'^  °"  auaocla- 
aerogenea  group.  ^'^^^-^facllii  and  the  coLnr 

effect  of  ft^cl^t  IclTb.Jr^f"^*'*'^  the  a  aoclatlve 
B.  aubtllla   n"^»T,  <      bfoterla  and  bacilli  of  tn- 
temperatiiL:"'"^  J'eld  a?  different 

in  lactic  i^'Jff^illSi^ri^'l^  ^"  -3ociatlon 


ana  wao  Claimed  to  bo  de^oiat^.tod ^!;f  cl^o 
flLt^l^vi^^^^''^™"       Freudenreich  (1G97K  He 
wi  fif  H^*''  ?  y^'^^t.  pure  culuieo  of 

ot  -laoJ  vylth  a  atropt.)caccuB  :>oii  Kefer.  This 

hydrolyojs  of  the  1  ictooe  by  the  (aaouiied) 
laetasQ  of  the  Btrep  to  coccus. 

ThiG  i-eason,   CQmiaonly  /-iven  for  tM« 

would  9  on  to  require  the  prosenoe  of  on* 

t.  is  neTe#  b-en  n.ide  .md    fro  :  analofiir  vrlth  the 
rnoui,ococcu3)  It  seeas  probable  UaSf  the  lactase  of 

iiSs         of  laoiobaollli  upon  yeiata  In  feruentod 

the  bacilli.      Tnia  in    ano  iiueotioraUe  for  it 
is  probable  that  the  endoceUular  luJta^e 

?LhL!*T.r'f  .oreovor,  the  l.-.ctaae  of 

^'^^r^  """^  "usually  bf'Gn  found  to  be 
endocellul  «• . 

01  the  subject  m  general  biology;  See  also 
Duclaux  (IV,   pp.  738-747).  ° 
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CAPACITT  OF  LACTIC  ACID  BACTE8U. 


PHY3I0K)GICAL  EFFlCISlJcy  OR  -PBRMKaTUrO  CAPACITY-  OP 
LACTIC  ACID  BACTKRIA 

I.    Definition  of  Tem. 
II.    Interpretation  of  -Fenaenting  Capacity-. 

III.    Fermenting  Capacity  of  Afferent  lactic  Acid 

Bacteria. 

IV.  Dependence  of  Perrnentlng  Capacity  upon  Other 

Conditions. 

1.  Influence  of  ape  of  celle. 

2.  Influence  of  fitnesa  of  the  environment. 

V.  Decrease       Fernentlnp  Capacity  or  Regeneration 

of  the  Lactic  Acid  Bacteria. 


PHYSIOIOOICAL  EPFICKUCY  OR  -ERHMKimNG  CAPACITY 
LACTIC  ACID  BACTERIA 


the  -true-'^l;tJ;''i?ilM°;^f       *  consideration  of 

1.    definition  of  Terra. 

It  has  teen  mentioned  earlier  in  this  paper 
that  8ome  lactic  acid  bacteria  induce  lactic  acid  fer- 
mentations  in  which  greater  anaunts  of  lactic  acid  are 
formed  than  in  the  fermentations  brought  about  by  others. 
Different  terms  have  been  proposed  to  dealgnate  the  rel- 
ative ability  of  different  bacteria  to  produce  lactic 
acid.    Among  these,  perhaps  the  term  -fenaentint:  capacity- 
sugRested  by  Rahn,  is  the  most  appropriate. 

II.    Interpretation  of  "Pennenting  Capacity". 
This  "fermenting  capacity"  is  interpreted 
upon  different  bases  by  different  authorities.  By 
no8t  the  "fementing  capacity-  la  considered  as  a 
rate  —  the  rate  of  production  of  lactic  acid  by 
certain  lactic  acid  bacteria.    To  do  this,  it  is  ne- 
cesaary  to  eliminate  other  variables  in  order  that  a 
constant  may  be  presented  on  wJilch  to  calculate  the 
amount  of  lactic  acid  as  a  rate  —  1  .e . .  as  the  a. 
nount  of  lactic  acid  produced  in  a  friren  tine. 


Tt  is  ol:Tiou8  that  tho  nuaber  of  lactic  acid 
IJBoterla  present  would  be  one  of  the  factors  In  the  a- 
nount  of  lactic  acid  produced  during  a  given  tine,  and 
that  the  rates  of  lactic  acid  pro  (Auction  by  different 
lactic  acid  bacteria  would  be  ooiaparable  only  If  cal- 
culated upon  the  baaie  of  a  giyen  nuaber  or  anwunt  of 
lactic  acid  bacteria.    By  aany  inveatigators  tUia  fact 
has  been  Ignored  and  for  thie  reuaon  their  aeasure  of 
the  "fementlng  capacity"  has  been  a  asaaure  of  the 
lactic  acid  resulting  from  two  factors,  the  multipli- 
cation of  the  cells,  aa  well  aa  the  -fermentinp  capao- 
ity"of  a  giren  nuTnber  or  rsass  of  lactic  acid  bacteria. 

Ill,    "Fementlng  Capacity"  of  Different  Lactic 
Acid  Bacteria. 

T^uclaux  tries  to  eliminate  this  first  fac- 
tor by  introducing  such  a  large  inoculum  that  no  fur- 
ther increase  in  nunft>er  of  cella  can  take  place.  He 
then  bases  the  "fermenting  capacity"  upon  tho  aiaount 
of  lactic  acid  produced  by  a  given  weight  of  lactic 
acid  bacteria. 

Rahn  attacka  the  question  fma  a  soasirtiat 
different  angle  an-i  investigates  the  "fermenting  ca- 
pacity" of  a  slnrle  cell.    He  considers  the  "fenasnt- 
ing  capacity"  of  a  single  cell  to  be  a  aeasure  of  the 
amount  of  ensyne  in  the  cell.    (Co^apare  relation  of 
concentration  of  enzyiae  to  velocity  of  reaction,  dis- 
cussed under  "Theoretical  rrogress  of  Lactic  Acid 
Feraentation".) 


By  thla  nethod  of  approach  he  ahows  that  the 

"fementing  eapacity"  of  n  single  cell  varies  with  the 

strain.    He  found  the  veakeet  atrain  of  otrep.  laotioua 

poeseased  a  "fenaentinp:  eapacity"  of  (17.4  x  10*10) 

per  hour,  while  the  atrongest  atrain  produced  (32.6  x  10- 1'^) 

ug.  of  lactic  acid  per  hour;  areruge  "fermenting  capacity" 

of  Tsrioua  atraina  waa  18  x  10"^^  a^..    Thia  showa  that 

one  cell  foma  about  ita  own  weight  of  lactic  acid  in 

one  hour,  which  in  turn  requirea  that  o  cell  ferment 

ita  own  weight  of  aupar  in  that  tina . 

■^his  larfre  amount  of  food  uaed  ia  In  agreement 
with  the  relatively  araall  energy  yield  of  the  chemical 
renotlon  of  lactic  acid  fermentation  aa  compfired  to  tlwae 
of  procpsaea  of  conpleto  oxidation  (aee  "Energy  Relations"). 
'Moreover,  in  moat  cfsea,  the  lactic   ;cid  fementation  of 
the  aurar  is  the  only,  or  at  least  the  principal,  exo- 
thermic reaction  occurrinr  witliin  the  cell.    These  two 

facta  (l)  the  aiaall  energy  yield  per  graa  aurar; 

(2)  the  dependence  upon  this  relatively  unproductive 
reaction  for  most  of  tlieir  energy  — -  account  tor  the 
rolRtively  large  food  requireiaenta  of  lactic  acid  bac- 
teria . 

Working  with  lactic  acid  bacteria  of  the  third 
group,  and  uaing  different  methoda,   irehmer  calculated 
the  anw\int  of  lactic  acid  formed  per  day  by  a  given 
weight  of  the  cella.    Aa  it  ia  w«ll  known  tlKit  the  lac- 
tobacilli  grow  and  ferment  slowly,  hia  result  ia  well 
In  accord  with  the  more  accurate  determinations  of  lahn. 
Thia  furnishes  an  exaaple  of  an  organism  which  has  a 
alow  "rate"  of  lactic  acid  production,  although  ita  fi- 
nal potential  acid  production  ia  high. 


The  "ferraentlnK  capacity"  la  a  rute  and  muat 
not  be  confuaed  with  final  ultlaate  acidity  recched. 
Thla  latter  la  dependent  unon  other  propertlea,  espe- 
cially the  (H+)  toleration  of  the  organiaa.  These 
points  will  be  dioeuaaed  later.    (See  -Bnd  Point  of 
Lactic  Acid  Perraentatlon") . 

r.,.«^,.„*<     "^1  distinction  betv,een  rate  of  lactic  ncid 
production,  (of  which  the  feracatinF  capacity  is  an  ex- 
pression), and  final  anount  of  acid^'production  la  .lain- 
ly  seen  in  a  cunre  of  lactic  acid  fer-nentation .    "-he  fer- 
rf,llii"^r'^^f  ^«  «  function  of  the  alope  of  the 

^'^"nt  of  lactic  acid,  the  hipheat  or- 
of  thia  njpe?^""  curves  shown  in  the  followinr  cUviaion 

It  ia  but  natural  to  aasws  that  different 
species  possess  different   ■fementing  capacities".  Du- 
clai«  found  considerable  differences  existing  in  t)ie 
amounts  of  lactic  acid  produced  by  given  laasses  of 
different  species  of  lactic  acid  bacteria.  Besides 
thla  difference  between  species,  the  different  strains 
of  lactic  acid  bacteria  of  the  second  group  exliiblted 
▼ery  different  "fennenting  capacities"  in  Rahn's  in- 
▼estlpation. 

IV.    Dependence  of   "Femionting  Capacity"  upon  Other 
Conditions . 

1.    Influence  of  ape  of  cells. 

T?ot  only  do  the  different  strains  poaaeas 
different  "fenaenting  capacities",  hut  the  sane  strain 
exhibits  a  variation  in  its  "fermenting  capacity",  ac- 
cording to  the  age  of  the  cells.    Rahn  found  that  the 
"fermentinr  capacity"  of  the  cells  was  greatest  during 


the  early  periods  of  the  life  history  of  B.  laetis 
acldl.    (See  alao  work  of  .^ahn  and  of  GriTnm  reiiorted 
In  the  followinp:  aivialon.) 

Reooi?nition  of  such  e  period  of  greatest 
aotlTity  of  the  laetica,  ao  well  aa  a  knowledge  of 
th«  -fer^nting  eapaclty  '  of  diffflrent  strains  of 
lactic  acid  bacteria,  is  of  the  greatest  significance 
in  the  preparation  on1  use  of  atartcrs  in  the  lactic 
acid  fer-wntations  of  the  dairy.    (See  "Theoretloal 
rropreaa  of  T^otio  Acid  Fermentation".) 

2,    Fitness  of  the  enrironiaBnt. 

It  must  bo  rnraerabered  that  tho  "fermenting 
•apaolty  "  of  b  strain  la  not  an  independent  function 
of  the  cell  and  thjit  the  sane  atrain  would  r-robably 
exhibit  a  different  "ferrjenting  capacity-  when  .Town 
under  different  conditiona.    This  property  will  vary 
with  the  biological  relations  dioouaaed  in  preceding 

topics   any  change  in  the  conditions  which  affecta 

the  Tilioraiology  of  the  organiaiaa  will  also  affect  the 
products  of  their  life  Tiroeeasea. 

V.    Becrease  in  "Femjentinf?  Capacity",  or  Degen- 
eration of  the  Luetic  Acid 
Bacte ria . 

T^tlc  acid  bacteria  respond  to  unfr.vo ruble 
conditions  of  the  environiaent  in  the  uuM  way  as  do 

Koat  orjmnlsaa  by  a  decrease  in  aotlrlty  of  their 

life  proceases.    This  extends  not  only  to  a  decreKse 


in  multiplication  but  al«o  to  a  decrease  in  "fermenting 
capacity  "  of  the  cella  actually  present. 

Araong  the  unfaTor&ble  conditions  in  the  en- 
▼Ironraent,  perliata  none  la  more  i  aportant  than  the 
presence  of  &  :  Hocuinulation  of  raetabolic  products. 
(See  "TJnd  Point  of  Tactic  Acid  Fermentation".)  Upon 
this  baala  the  depeneration  of  lactic  acid  bacteria 
in  old  cultures  is  beat  explained.    Just  as  in  syste- 
matic or  descrij.tiTe  bacteriology  a  culture  must  be 
inviftorated  and  aceliraatised  before  a  correct  expres- 
sion of  its  biochemical  nctiyity  can  be  obtained,  so 
in  laotie  aeld  ^ernent»tlon  the  lactic  eelt!  bneterle 
HU8t  be  in  Tlporous,  r.ctiTely  growinp  condition  be- 
fore their  life  proeesaes  can  proceed  to  advantage. 

The  literature  presents  oany  references  to 
a  coTaplete  losa  of  feraentinpr  ability  by  a  oiioo  a.c- 
tlvely  fermentinp  strain,  -'ue  to  apre  of  the  culture 
and  to  the  addition    of  unfaTorable  substances  to  the 
■ediujn.     (Orotenfold,  Nenclci,  rjchierliedc,  ^'rusc ,  /eig- 
•anh,  Rahn}. 

Reports  of  loss  of  power  of  tlie  conrnon  lac- 
tic streptococcus  to  coagulate  ailk  are  not  Infrequent. 

3uch  reports  are,  howerer.  often  due  to  the 
use  of  Inocula  fro;n  old  ■  n(\  unre jure na ted  culturea. 

^^^&iP5..t^y£  oLijeryoii  in   thls^laboratory  to  fail 

to  coaf^ulate  millc  when  Inoculated  from  old  cnitures. 
These  strains  hare,  without  exceMtion.  always  rradual- 
iy  increased  in  activity  by  successive  seeding.    I-i  all 
cases,  these  lactlca  have  been  tble  to  coagulate  millc 
readily  after  this  treatment. 


Many  of  the  reports  of  defeneration  of  lactic 
acid  tacteria  are  du«  to  the  improper  care  of  ^tock  ota- 
turea. 

Itodia  should  be  uaed  which  do  not  permit  the 
attainment  of  hifch  {m-)'8  by  the  rrowth  of  the  orgar»- 
iam.    Comparatively  large  Inocula  should  h",  taken 'froa 
the  atock  cultures  in  the  first  subtransfer, 

Jensen  clairao  that  a.nall  inocula  and  the 
storage  of  cultures  at  too  high  temperatures  account 
for  aany  eases  of  "degeneration"  of  lactic  e^cid  bac- 
teria.   (Jensen,  howerer,  stored  his  cultures  ut  18° 
C.) . 

Variations  in  the  ability  of  lactic  acid 
bacteria  to  fernent  different  sugars  is  a  rtaxch  arooted 
question.    Itony  of  these  eases  are  due  to  reasons  dis- 
ouosed  above  . 

For  E  review  of  rarlability  of  augar  fcr- 
nentatio!i3,  aee  the  concluaioniJ  reached  by  "rown  in 
hi3  gtudy  of  atreptococci .    He  ala--  fumishoa  a  com- 
plete review  of  the  literature  on  this  iiuestion. 
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THSORKTICAl  Pn00RS33  07  LACTIC  ACID  JOTWTATIOW 

I .    Introduc  tion . 

1.    limitation  of  diBcuaaion. 

The  preceding;  article  on  the  biology  of 
the  lactic  acid  bacteria  liaa  shown  the  Influence  of 
the  all  leu  upon  tlie  life  urooeaoea  of  lactic  nicro- 
orKanlama  and  alao  the  action  of  these  oreuniBiaa  UT.on 
certain  aubatancffs.    An  attest  to  ahow  th«  theoreti- 
cal prepress  of  a  lactic  acid  f ennentation  consists, 
to  a  certain  -xtent.  in  followinij  the  life  history  of 
thp  lactic  r.cld  bacteria  in  a  of^rtain  n»diun.  Here, 
tho  reactions  iaduced  by  tlic-  Ufe  processes  of  t)xc 
lactios  will  be  Influenced  by  the  various  enTlromient- 
«1  conditions  oonfrontinj.  then.    It  will  bo  necessary, 
therefore,  to  impose  rather  definite  conditions  In  the 
diaoussion  following. 

2.    Process  Involved  in  the  oetabollara  of 
lactic  acid  bacteria. 

Let  it  be  assumed  that  "true"  lactic  ncid 
bacteria  are  inoculated  ihto  a  mediua  well  adapted  to 
their  needs  and  that  other  oonditlona  in  the  environ- 
ment are  at  the  optimum,     r/uoh  of  at  least  the  early 
history  of  their  rrowth  will  be  more  or  less  parallel 
to  that  of  any  micro-orfranisra.    The  lactic  acid  bao- 


teria  win  attach  the  utllisaUe  food  pre8«„ted  to 
them  in  order  to  ottain  energy  for  thoir  life  processe. 
and  3ub«tanoe  for  cell  3tructura.     m  the  «etaboli.» 
of  theae  organisna.  the  general  principles  of  .-^cro- 
bial  physiology,  as  well  as  the  more  specific  physl- 
olof^ical  characters  of  lactic  acid  bacteria  discussed 
a>'«Ye.  will  dotermine  the  r.rogresa  of  their  life  liis- 
tory . 

'^e  fermentable  aufrar  win  diffuse  through 
thr  cell  wan  and  he  AttncTced  by  the  zyaase  within  the 
cell  of  the  lactic  bacteriurn;  tViC  nitrogenous  substance, 
presented  in  the  «dlu=,  win  be  acted  unon  by  other  e„- 
synes  nf  the  laetics.    By  oeans  of  these  and  other  pro- 
cesses InTolved  in  their  -Ktabolism,  the  lactic  acid 
bactorla  obtain  energy  and  utilizable  food,  both  of 
which  are  required  for  growth  and  raultlplioation. 

II.    Jfethod  of  :?eaaurinr:  the  Trofrress  of  lactic 
Acid  renaentatlon. 

The  propreaa  of  n  charaical  renction  is 
usually  deterralned  hy  mcaaure.-nents  of  the  concentra- 
tion of  its  prortuctn.     In  the  nana  way,  a  correct 
knowledge  of  the  nropress  of  lactic  acid  ferientntion, 
es-sentially  r.  chemical  reaction,  may  best  be  obtained 
by  accurr.te  da terrai nations  of  the  products  rosultlnr 
from  the  life  actlTitien  of  the  lactic  acid  bacteria. 
The  princlTjal  product  of  -true-  lactic  acid  ferjoenta- 
tlona  is  lactic  acid.    Hence,  it  is  usually  upon  asa- 
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3ureaent8  of  the  concentration  of  this  substance  that 
a  determination  of  t)ie  nroRreo.  of  the  fermentation  l3 
baaed.     (Difficulties  are  often  encountered,  however, 
that  aeriouBly  interfere  *ith  accurate  de  ter-ninationi 
of  lactic  acid  in  t>;e  media  of  lactic  acid  fenenta- 
tion.) 

Hubner  (1906).  howeyer.  has  investigated 
the  pro^resa  of  lactic  Kcid  fe r.nentation  by  calorime- 
ttic  determinationa  of  the  heat  energy  produced  in 

lactic  ^^cid  fermentation. 

III.    Hepreeentation  of  the  Trogreaa  of  the  Fer- 
aentatlon . 

The  rrogresa  of  lactic  f.cid  fer-nentaticn 
is  ^Tost  clecrly  ahowi  by  plotting  the  concentrations 
of  the  reaction  products  which  are  present  in  the  me- 
dluni  at  different  tlr>«  intervals  during  the  history 
nf  the  ferTwntatlon .    The  acid  produced  is  usur  lly 
represented  ea  degrees  of  aci^lity  or  wei^hteof  lactic 
acid  which  have  been  produced  ttt  a  piven  time.  (3ee 
Figure  1.) 


T^iRure  1. 


Repreaentatlon  of  the  Propresa  of  a  Lactic  Acid  Fenaentation 
"Feraantation  Curves" 

—  Data  fro-n  Hahn  (1911),  TaTjle  V. 

—  Curve  friven  ty  Trrinsn. 

Absoioaaft  ~  Aoifl  produced  at  t. 
Crdlnatea  —  Time. 

The  following  coramenta  on  the  character  of 
the  ourvea  have  special  reference  to  the  division  of 
-Fermentation  Curve"  to  be  given  later  (p.  J. 


P«riod  I. 

Conca:ve  upwards:  acceleration. 

PhaM  1 . 

Zero  or  very  gradual  elope  (for  reasons  (iven 
in  dlecuaalon) . 

Phaae  2. 

Rapidly  risinr  slope:  acceleration. 

Thia  Phase  of  the  curve  is  dominated  by  tue 
influence  of  increaainf  concentration  oi  the  cnayrae  ■ 
(Compare  Fip:.  3).    It  followa  cloaely  tlie  curve  oi 
prowth  (compare  Fig.  2). 


Period  II. 

Concave  upwarda:  retardation. 

Phase  3 . 

Slope  clianpCE  but  alirhtly  '^^^^^^ J^'^l .^J^faUn 
no  acceleration  (.n&  no  retardation.     (See  discuaaio 
for  explanation). 

Phase  4. 

Slope  rapidly  decreases  and  finally  ^'^"^"^"-i. 
zero;  retardinK  and  inhibiting  influences  now 
nant . 
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IV.    Interpretation  of  Progreca  of  the  Fermentation. 

1.     Internrotntirn  or  ohurts  showinp  proi^res. 
of  the  reaction. 

8.  Reaction  el^nenta  involved. 
It  is  otviouis  that  aeveral  forcea  are  in- 
volved in  the  production  of  the  re^tion  product  vhoee 
concentre.tlon  ia  ^lotted  i.,  the  above  fi^-ure.    its  con- 
centration l8  due  to  the  catalytic  action  of  the  lac- 
tic acid  bacteria  zymase  upon  the  fermentation  augar, 
but  both  of  these  -reagents'  are  chan^rinr  in  concentra- 
tion during  the  reaction.    Consequently,  the  course  of 
the  laotlo  nvu  fermentation  proceaa  ia  the  result  of 

the,  at  ti^»,  si ^aultanecua  action  of  two  forces  

lultiplJcation  of  the  lactics.  and  outalytic  lictiori  of 
their  Inctic  t  oid  producinr  cnzym . 

t.  ConQJooite  "fermentation  curve". 
The  curve,  us  a  whole,   then,  i:i  not  a 
simple  curve,  but  ^  oonposite  curve  of  the  action  of 
the  enssyme  itself  and  of  the  ourve  of  <?rowth  by  which 
the  lactic  acid  bacteria  ayiuase  increases  in  c  ncen- 
tration.    Rahn  (1910)  calls  such  composite  curves 
"ferrjientatlon  curves", 

o.  SiRnlf lcanc«  of  slope  of  tlie  curves. 
The  BloT>o  of  the  cuirve  of  any  re.iction  re- 
prerjents  tlie  spee'^  of  production  of  tlM  reaction  pro- 
duct whose  concentration  is  plotted.    The  slope  at  any 
point  In  the  above  fi(?ures  represontj  the  speed  of  pro- 
duction of  lactic  acid  at  tliat  tine.    The  derirative 


yigure  2. 


,  «f  First  rrder  neactiona  with  the 


SxTjonential  Curve  (I) 

concave  u->^nrd3  throupV.out;  slope  always  ri:»inn. 

Curve  of  Growth 

exponential  curve;  f •JJJ.^'.f?^  Se'^lop. 

inr  influences  ux>ori  (rrowth. 

Logaritliraic  Curve 

Concave  downward. ;  slope  decreaeing. 

Curve  of  HonomoleculBr  'Reactions 

A  loRRrithmlc  curve;  slope  falUnR.  due  to  decr«a8- 
inr  cinieS^i;tion  of  the  reacting  substance. 

-Fermentation  Curv«-  a.  »  ^^''^'^^^^^^^^.Ith^'.ic^SrrSe 
tary  ^iwnentiHl  Curve  of  C.rowth  and  ^f.^^^ 
of^'irn*^Order  neactionn  (Glucose  -  Lactic  Acid  J. 

^ee  text.    Also  co.n.re  figures  an.  ^ob.erv^^^^ 
fluence  of  th.  cur^^  ^^^T^ctiTaJ^wth  nrt^e  culture. 
Curve-  durinr  tlie  oeriod  of  active  growin  oi 


of  the  lactic  ncld  -reduced  in  resi^ect  to  tine,  d  IJ,  , 
18  the  rate  or  arecr^  of  Tactic  acid  production. 

The  slope  of  the  curre  of  lactic  acid 
ferraentatlona  la  indicative  of  t>.e  conditions  deter- 
mining the  rete  of  l*.ctic  Hcid  production  and.  conse- 
quently, of  the  proKrcss  of  the  fenaentatlon .  The 
Bipnificance  pf  chanftea  in  the  slope  of  tlie  curve 
furnishes  t^ie  haeis  for  the  fllviaion  of  the  curve 
into  Deriods  p-lven  Inter  in  the  discussion. 
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Figure  2. 

COMPARISOU  OF  THR  CURVRS  OF  FIRST  ORDER  REACTIONS  WITH 
THE  CURVE  OF  GROTOH.         ^^''^^^■^  ""^^^ 

-  -  SxponentiiL  Curve( theoreti cal )    Logarithmic  Curve; 
  Curve  of  Growth  Curve  of  Mono- 
molecular  Reactions 
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EllPONErtTlM.GuWt 
Curve  ofbPiaiftH 

<J««u^  cor\tftvt  w^iuiwA  ai  N'wc.Tea-»«\ 
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2.    ^^l«",n  of  fer^ntatlon  curves  to  curres 
or  firot  order  reactions. 

a.  Vnrlablca  Influoncinp  the  course  of 
utilwlecular  reactions, 

Tlottinr  the  course  of  ideal  ^ao^lecular 
reactiona  gives  e  logarithmic  curve.    (3ee  rig.  2). 
The  general  for.:  of  certain  parts  of  lactic  acLI  fer- 
mentation curre^-  (riff.  1)  13       ,  ^^^^^  ^^^^^^ 
to  tl^t  of  a  Tsnno^no^eoulnr  z^^.otlnn.    Tlovever.  «ven 
thnufrh  the  lactic  aclri  fermentation  «r^tion  it,,clf 
is  n  nmno-Toleoular  cheraical  reaction,  the  course  of  the 
ferment«tlon  c^^nnot  fco  considered  to  follow  oloaely  the 
law  of  GuldberR  and  ifBapre. 

7h8  course  of  n  jaono^soleculnr  chenical 
reaction,  in  conformity  to  the  law  of  nass  action,  is 
dependent  ur^n  the  concentration  of  tlie  reaction  sub- 
stance.    The  velocity  of  catalytic  ^oni'Mleeular  reac- 
tiona, in  the  preaonce  of  a  constant  cataly8t\  le 
pittportional  to  the  concentration  of  the  substance 
during  the  course  of  the  reaction.    Then,  in  /aononolec- 
ular  reactions,  which  can  be  expressed  by  logarithmic 


^«.o^  *  ,   '""^^Is  is  true,  only  if  the  catalyst  is 
present  in  not  too  low  concentration;  oee  later  in 
the  ?)aper. 


cunreB,  the  Independent  rr.riatle  is  the  eonceiitratlon 
of  the  reacting  oul  atance^  t}ie  velocity  lo  decreasing 
throurrhout  the  reaction,  &a.l  the  ultliinte  r.cro  slope 
of  the  curve,  or  equSll'briu-a  point  of  the  raaotion,  is 
reacherl  because  of  riecreaaed  concentration  of  the  re- 
acting aul)3tHnce. 

b.  Variahlea  influencing  the  course  of 

the  'actlc  aciil  fpr^e. its  tier,  reaction. 

(1)  TTelation  to  those  of  uni^nolecular 

reactions  not  uLaolute. 

I-i  spito  of  thfi  -aore  or  leaa  general  simi- 
larity between  certain  parta  of  tiie  fenaentation  curve 
and  the  logarithmic  fona  of  unisiolecular  reactiono,  the 
lactic  r-eld  ferraentatloa  curve  in  (.•onditioned  by  other 
factors.     Investigators  of  disinfection  and  heraolysis 
encounter  aiiailar  obstaclea  in  atteraDtis  to  expreos  the 
T-ror-ress  of  these  blolop^ical  nhenoraena  by  the  curves 
of  uni!nolecular  reactions. 

(2)  Variables  de toriiiiiinf  course  of 

the  fermentation  reaction. 

The  variables  in  the  ease  of  lactic  acid 
f prinentntion  cannot  be  Mnited  merely  to  the  concen- 
tration of  the  substrate ,  for  here  the  chan(?e  in  con- 
centration of  the  catalyst  la  a  dominant  factor.  Hence, 
the  r»»l&tion  of  the  oimoentratlonB  of  the  enzyiae  and 
aubctrcte  to  the  velocity  rf  the  lactic  acid  fermen- 
tation reaction  is  different  than  those  prevailing  in 
nonoiaolecular  reactions,  which  follow  the  principle  of 


aasB  aotion* . 

Besides  these  two  variables  there  ia  also 
Involved  the  variable  activity  of  the  catalyst;  its  ac- 
tivity la  decreasiriK  fluring  the  latter  staffs  of  the 
fer-aentatlon,  <lue  to  the  increaalng  concentKition  of 
the  reaction  products.    The  final  equillbriun  oint 
of  the  reaction,  or  the  ultlTuate  zero  slope  of  the  fer- 
aentatlon  curve,  cannot  be  considered  as  prlTnarily  due 
to  decrease  In  substrate  concentration,    TThile  in  ideal 
nonornolecular  reactions  the  final  aero  slope  is  due  to 
this  factor,  the  final  concentration  of  the  substrate 
in  raoBt  agricultural  lactic  acid  fermentations  is  not 
so  greatly  diminished  at  the  end  point  of  the  reaction. 
It  follows  that  the  final  zero  slope  can  hardly  be  at- 
tributed to  a  diainution  of  the  substrate  concentration. 
(Conrmre  "Principal  Product  of  Lactic  Acid  Fermentation" 

  "Aauunt  of  Lactic  Acid  Formed"). 

TTien,  durinpr  the  course  of  lactic  acid 
fermentation,  the  variable  factors  are  the  concentra- 
tions of  thp  enzyjae  and  of  the  substrate,  and  the  ac- 
tivRtinfT  Influence  of  t»ie  enzyme.  The  apeed  of  the  re- 
action or  the  slope  of  the  fermentation  curve  depends 
upon  all  of  these  factors,  but  these  variable  factors 
change  in  relative  value  throughout  the  course  of  the 


♦  Probably  all  reactions  follow  the  law 
of  mass  action,  but  other  conditions  may  impose  modi- 
fying influences  upon  the  course  of  the  reaction. 


reaction,    'heae  and  other  conditions  of  luetic  aeid 
fermentation  render  n«8t  unoatlefactciy  any  attempt  to 
expreee  the  proprrea.  of  the  fer^aentation  as  tte  couree 
of  a  flrot  order  chemical  reaction. 

3.    -Jethod  of  studying  the  "femjentatlon 
cunre  *• . 

Possibly  the  fermentation  curve  could  be 
coneldered  as  a  compoalte  curve  of  the  curve  of  growth 
and  of  the  monoraolecular  reaction  induced  by  tluj  lactic 
acid  bacteria  zynaae,  but  difficult  obstacles  are  again 
encountered  in  such  an  attempt.    Although  the  en«yn«tio 
action  might  be  oonaidered  as  the  fundamental  reaction, 
the  relative  value  of  the  two  components  of  tlie  fermen> 
tation  cunre  will  >o  changing  throughout  the  course  of 
th^  >.roces8.    Probably,  the  progress  of  the  reaction  of 
lactic  acid  fermentation  can  be  approached  to  boat  ad- 
vantage by  dividing  the  curve  of  Its  course  Into  perl- 
ods  upon  changes  In  reaction  velocity  aliom  by  change 
in  slope  of  the  curve,  or  Letter  still,  by  dividing 
the  curve  into  arcs  at  points  of  Inflection. 

V.    division  of  the  "Fermentation  Curve-. 
1 .    Basis  of  division. 

Changes  of  slope  of  the  fermentation  curve 
indicate  changes  in  the  speed  of  latftlc  acid  productlop; 
they  may  be  considered  as  turning  points  in  the  lactic 
acid  fermentation. 

Still  more  significant  are  the  points  of 
inflection.    Points  of  inflection  of  a  curve  separate 


arcs  concave  upwards  from  those  concaTc  downwards;  the 
derivative  of  the  slope,  or  the  second  derivative  of 

the  curve  itself  (d-^LA      or  acceleration)  chanpes  in 

("dT^  ) 
slpn  at  these  polnta.    They  show  acceleration  or  re- 
tardation of  the  reaction  speed.    These  chanRCs  sug- 
gest f.  significant  turning  point  in  the  prepress  of  the 
fermentation  caused  hy  a  change  in  the  relative  value 
of  the  determining  conditions  enumerated  above  and  dis- 
cussed he low. 

The  changes  in  slope,  and  the  Inflection 
points  may  be  aeen  In  the  above  curves  (Fig.  l),  but 
they  are  still  'aore  evident  in  the  rate  curve  plven 
below.    Thia  "rate  curve*  hai  been  derived  from  the 
saoe  data  as  used  in  obtainlnp;  the  fermentation  curves 
of  Fig.  1, 

Figure  3. 
"RATE  CURVE" 

showing  Periods  of  Acceleration  and  of  Retardation  of 
the  Progress  of  Lactic  Acid  Fermentations. 

"     ^  (f^iGfvaE  3  ) 


2,    Principles  tleteminlnr  relative  value  of 
conditioning  factors. 

Before  beginnlnfr  a  study  of  the  different 

periods  of  the  curve  of  lactic  ucld  fermentation,  a 

baals  oust  be  eatabllahed  by  a  statement  of  principles 

which  (leterraine  the  relative  value  of  the  influences 

inposed  unon  tho  curve  by  the  above  naaed  conditioning 

factors. 

a.  Increasing  concentration  of  the 
catalyst. 

"lie  concentration  of  the  enayne  may  be 
conaidere.^  a  function  of  the  number  of  lactic  organ- 
iairj    ■'■laent.    The  nuaiber  of  lactic  acid  bacteria  Is 
dependent  upon  the  curve  of  growth,    ilhllc  raultlpli- 
cation  need  not  oonfom  strictly  to  the  cui^e  of  or- 
panic  growth,  It  will  follow  it  to  a  certain  extent 
during  the  early  course  of  the  ferraentation .  (Com- 
pare Figs.  1  and  2).    That  it  does  not  follow  tlie  for- 
mular  expression  (of  the  cui^e  of  growth)  introduces 
no  error,  as  only  the  general  fora  of  the  curve  is 
of  any  raoment  in  this  diacuasion.    The  curve  of  growth 
Is  an  exponential  curve  (N=  Ce^*);»*  it  is  concave  ur)- 
warde  throughout  and  consequently  its  slope  la  constant- 
ly incrf?asing.     It  is  not  t  factor  tlirougliout  tlie  reac- 
tion, but  during  the  period  in  which  it  asauoes  impor- 
tance the  slope  of  tho  fermentation  curve  Is  increasing. 


•  See  Fig.  4  from  Rahn's  work. 
•*  See  Fig.  2. 


-he  Influence  of  tlila  factor  upon  the  slope  of  the  fer- 
mentation curve  18  exerted  through  th«  relation  of  the 
concentration  of  the  enaynie  to  the  progre.s  of  the  re- 
action; it  will  aleo  be  modified  by  the  Influence  of 
the  other  factors. 

Thle  1b  eyldent  by  a  ooni^rlsfln  of  the 
Inflection  T«lnt  of  the  curve  of  growth  (from  Fig.  2) 
with  the  Inflection  point  of  the  fermentation  curve 
(from  Pig.  1).    This  relation  la  clearly  ahown  in 
'Plpt.  4. 


Figure  4 

(Froa  data  given  by  lUihn  (1911),  Table  VII.) 


Coiqpariaon  Curve  of  Growth  and  Fermentation  Curve 


Interpretation  of  Curves: 
Represents; 

influence  of  growth  and  consequent  concentra- 
tion of  enzyrae  upon  the  velocity  of  the  fermentation. 

Also  shows; 

similar  resnonae  to  unfavorable  conditions  ex- 
hibited by  the  fermentation  reaction  itself  and  by 
the  growth  of  lactic  bacteria. 

the  sajoe  influence  apparently  inhibits  the  fer- 
mentation reaction  as  inhibits  growth. 

Hote; 

inflection  point  on  both  curves  is  at  practi- 
cally the  same  concentration  of  the  reaction  proJuct. 

concave  upward  curve  of  growth  has  (during  tlie 
period  of  ito  dominance)  given  a  ainllar  forn  to  the 
fenaentation  curve.    Tliis  relation  is  the  cause  of 
the  acceleration  exliibited  in  that  arc  of  the  fer- 
mentation curve . 

When  the  fermentation  curve  becones  concave 
downward,  retardation  is  e;diibited  by  the  change  m 
sign  of  its  second  derivative. 

Up  to  point  B,  the  close  agreement  of  the  two 
curves  strongly  suggests  tliat  the  velocity  of  tlie 
reaction  (or  slope  of  the  fermentation  curve)  ia 
proportional  to  the  concentration  of  the  catalyst. 


b.  Relation  between  ooncentrationa  of 
enxyrw  and  of  aubatrate. 

The  foXlowinp  principles  have  been  eatab> 
llshed  In  the  ease  of  other  aliailar  catalytic  reactions 
and  aay  be  asauaed  alao  to  govern  the  progreaa  of  the 
reaction  of  lactic  acid  fennenUtloo  (Baylias,  Beatty. 
Duclaux,  Brown,  Arrhenius,  Euler,  Van  31yke  and  Cullen). 

fith  Constant  and  fairly  high  concentra- 
tion of  enzyme,  laonoriiolecular  ensymatic  reactions  will 
obey  the  mass  law  of  first  order  reactions;  their  ve- 
locity will  decrease  with  the  lowering  of  tlie  concen- 
trntion  of  the  substrate.    At  any  time  the  velocity 
will  be  a  function  of  Voth,  but  with  constant  con- 
centration of  enzyme,  it  will  vary  only  with  the  sub- 
strate concentration. 

Kven  with  eoiistant  concentration  of  en- 
ssyme  the  application  of  the  mass  law  to  enzymatic  re- 
actions is  possible  only  if  the  ensyne  concentration 
is  r.ot  too  low.    If  the  substrate  is  in  excess,  the 
enzyme  will  be  saturated  with  the  substrate  without 
produelngan  appreciable  reduction  of  the  concentra- 
tion of  substrate.    This  relation  probably  occurs  dur- 
ing the.  early  stages  of  lactic  acid  fermentation  and 
exerts  its  influence  uv^on  at  least  the  first  part  of 
the  fermentation  curve.    (See  Fig.  4,  showing  agreement 
in  inflection  pointa  of  multiplication  and  fermentation 
curve) . 


When  Bubetrate  is  in  low  concentration  In 
the  presence  of  an  excess  of  enzyas,  the  Telocity  or 
slope  will  again  be  a  function  of  one  only,  this  tios 
the  concentration  of  the  substrate.    This  relation  aan- 
IfeatB  itself  near  the  end  of  an  ideal  first  order  re- 
action,  but  it  is  doubtful  if  it  is  of  nuch  moment  in 
«08t  aprloultural  lactic  acid  f ementations . 

?h?it  a  si  ailar  effect  on  the  course  curve 
of  the  fermentation  raay  he  induced  by  other  factors  is 
shown  in  the  following  discussion  of  the  Influence  of 
the  reaction  products  upon  the  progresa  of  the  reaction. 

c.  Influence  of  reaction  products. 

The  progress  of  a  reaction  is.  in  general,* 
always  retarded  by  the  products  of  the  reaction.  (Com- 
pare Van  Slyke  and  Zacehiirias ) . 

'^Ith  ensyaatlo  reactions  another  phenoas- 
non  tends  to  further  decrease  the  velocity.    It  is  a 
KCnerally  accepted  aasuraptlon  that  ensynee  enter  into 
eoablnation  with  the  products  of  the  reaction.    In  this 
way,  the  presence  of  a  large  concentration  of  the  reac- 
tion nroducts  decreases  the  reaction  velocity  (or  low- 
era  the  slope  of  the  ferraentation  curve),  not  only  as 
a  condition  of  a  reversible  reaction,  but  also,  and 
princi?ally.  by  conbination  with,  and  inactivation  of, 
the  enzyrae.    This  will  produce  an  effect  upon  the  for* 


*  Exceptions  raay  occur           a  notable  ex- 

•nple  being  cases  of  autooatalysis . 


or  the  fer»e„t,tl„„  ou„e  ,jn,u.r       that  ln,p.„d  by 

a„„a.,„,  .H.  c»„oe„tr.tl„„ 

i-  u„l™ieoul..  „„„„ 

f.r«„,.tl™  thi.  ^.^  ^^^^^ 

tor  i„n„o„cl„^  th.  ,l„p.  ,r  th.  l.tter  part  of  th. 

«ur.e.    ,3..  r.,.  4.  .M.,„,  ,„ui,ai,.. 

tion  to  feriaentetion  velocity). 

mentation  curJfaJnoJ^J^i'^^f  that  lower  the  fer- 
tion.  lowering  the  apeed  of  rnultipiica- 

3.    Choice  or  -b&aiB  for  dlTision. 

a.  ori^.3  division  into^p,.3ea  on  cl.n.e. 

Grii,Hn  has  divided  the  progreaa  of  lactic 
acid  fermentation  into  four  .ore  or  lee,  well  defined 
Phases  based  upon  the  rate  of  lactic  acid  production 
and  hounded  hy  the  nointa  of  decided  change  i„  .lope 
of  the  fer^ntation  curve.    Although  Ori^m's  interpre- 
tation of  the  Significance  of  all  of  these  phaseo  does 
not  see.  satisfactory,  this  division  into  phases  cor«. 
•ponding  to  periods  of  the  curve  furnishes  a  convenient 
method  of  following  the  progress  of  a  theoretical  lac- 
tic  acid  fermentation,    during  these  different  phases, 
the  progress  of  the  fermentation  is  influenced  to  a 
different  extent  by  the  discussed  factors.  Saturally. 
the  exact  position  of  these  phases  varies  in  different 
fennentatlon  curves  and  their  boundaries  are  more  or 
less  indefinite  even  in  the  same  fermentation.  (Gee 
Fig.  1). 


b.  Sharper  dlTision  on  basis  of  inflec- 
.  tion  points. 

•?he  division  of  the  foroentatlon  into  two 
•  tagea  at  the  inflection  -^oint  of  the  curve  lo  prefera- 
ble In  many  ways  and  will  be  followed  to  a  large  extent 
in  this  dlsciiasion.    3uoh  a  division  seems  to  be  a  acre 
fiindamental  one;  the  periods  of  acceleration  and  retail 
dation  of  the  reaction  .-nay  be  interpreted  os  expressions 
of  the  periods  of  dominance  of  tlioae  influences  tending, 
respectively,  t-^  promote  and  to  inlxibit  the  progreao  of 
lactic  acid  fermentation. 

♦V.  ^  *  sharper  division  obtained  by  this  me- 

thod is  evident  in  r>  corapurison  of  the  fer-aontation 
curves  piven  in  Fig.  1  and  the  rate  curve  shown  in  Fig. 


VI.    Period  of  Acceleration  (Concave  ITpward  Arc). 
1.    'haso  of  gradual  slope. 

a.  Zero  or  gradual  slope. 
In  GPim's  curve  (Pig.  1)  it  is  seen  that 
the  "lotting  of  lactic  acid  concentration  during  the 
first  few  hours  after  inoculation  gives  a  fermentation 
cunre  parallel  to  the  axis;  the  first  part  of  the  curve 

from  Rahn's  (1911)  wofk  also  shows  a  very  pradual  slope, 

g 

which  for  a  lonjjBr  distance  frosa  the  origin  is  practically 
zero.'    This  would  indicate  little,  if  any,  increase  in 
the  lactic  acid  content  of  the.  systeia,  provided  that  tlie 


♦  Probably  due  to  small  inoculufn. 


aetliods  of  determining  the  lectio  acid  content  of  the 
aediua  presented  a  true  accoxmt  of  the  concentration 
of  this  reaction  prodwt.    limllar  forra  io  seen  in 
curves  obtained  by  plotting  the  heat  energy  content 
(Rubner) . 

By  these  jaethoda,  then,  of  d4terraining  the 
eourne  of  the  reaction,  it  would  seem  that  the  reaction 
wade  little  or  no  proprrsa  durinfr  the  firait  few  liours 
after  inoculation  of  the  laeties  into  tlie  nedium. 

b.  Apparent  discpeiMincy  between  growth 
of  lac  tie  afid  bacteria  and  accum- 
ulation of  reaction  product. 

This  pheno7%non  was  obnenred  by  >oxhlet 
•  a  early  as  1884.    Furtherrnore,  he  found  that  there  was 
an  increase  in  the  nuiaber  of  lactic  acid  bacteria  during 
this  period  of  r:,'parent  non-production  of  acid,  which  he 
termed  the  "incubation  stage"  of  the  fermentation,  l&ny 
later  investigations  have  corroborated  Soxhlet's  obser- 
vation nnd  "whatever  the  explanation,  it  ia  true  that 
acid  forming  bacteria  may  increase  until  there  are  mil- 
lions per  e.c.  and  yet  no  change  in  acidity"  can  be  de- 
tected. (Hastings,  "-^vans  and  Hart). 

The  seening  paradox  of  delay  of  the  lactic 
acid  fermentation  Itself  until  ffter  the  beginning  of 
raultlr^li cation  has  aroused  considerable  controversy. 
Rahn  &nri  other  investigators  disclaim  the  assumption 
of  procedure  of  ;9ulti plication  without  fcnaentation. 


"he  inti'TOte  relation  of  lactic  acid  fenaentation  to 
the  raetatollSCT  of  lactic  acid  bacteria  and  the  fact 
that  this  process  furnishes  ratioli  of  the  energy  required 
in  all  cell  fuaetiona  indicate  that  the  ferrfjentution 
would  hegin  at  the  same  ti-M  as   lultiplication  and  other 
life,  pro  cease  8  of  the  cell.    Different  explantitions  of 
this  rhenonenon  follow. 

c.  Atteiapted  explanations  of  the  above 
discrepancy. 

(l)  "Incubation  stare  '  of  Itctic 
acid  fermentation. 

Soxhlet  (1884),  Clause,  Plant,  Knoeael 
(with  yeasts  in  alcoholic  fermentation),  Rubner  (by 
caloriraetrlc  method).  Conn,  Griima  (1912),  and  others 
hare  been  led,  by  their  observations,  to  believe  that 
there  is  a  certain  neriod  of  "incubation"  in  the  early 
history  of  fermentations,  during  w}iich  multiplication 
taVes  olftce  before  the  reaction  of  lactic  acid  fermen- 
tation begins.    .Several  facts  vitiate  this  aonumption 
of  a  certain  period  durinj?  which  the  cells  increase  in 
numbers  and  exert  all  life  fimetionii  but  t)ie  fundamen- 
tal one  of  lactic  acid  fermentation. 

"Tie  difficulty  of  neasurinpr  the  oraall  a- 
nount  of  luetic  acid  that  would  be  produced  by  the  few 
lactic  acid  bacteria*^  present  in  tlic  early  period  ia 
certainly  an  lra]portant  factor,  as  it  casts  doubt  upon 


♦  Compare  text,  under  "Fermenting  Capacity". 


the  auf.ntlc5tv  the  data  upo.  which  th.  ao-caUed 
-Incubation  stage-  1,  u^,,,^  ^^^^ 
factor  13  Clearly  In  the  reuults  obt..inecl  bv  the 

•upportors  of  this  period  theraselvea. 

The  length  of  the  Incubation  period  rnrie. 

with  the  ten:per.t«re.  as  would  multiplication  of  the 

lactlcs.and  consequent  IncrcKse  m  concentration  of  cat- 

alyst. 

■»XMTer.  the  length  of  time  claimed  by 
th,  early  Inreatlgatorr  for  the  incubation  otn,^.  a. 
^•aed  upon  lactic  .cid  concentration  of  the  mcdiun,.  ha. 
kept  decre«,i„^  m  the  later  Inve.tlgationa  aa  the  n«. 
thods  of  n^asurlnr  the  concentration  of  this  product 
hare  l^roved.    Altl^uph  the  lactic  acid  produced  by  . 
.™.ll  number  of  ^actlcs  is  very  a^n.  ^„  .elicaf 
thod.  of  meaaurenient  might  «t««i  production  of  .  cer- 
tain a  mount  during  this  apparently  latent,  period. 

(2)  .'Xechanlaa  of  lactic* acid- bac- 
teria. zyiaRs*  . 

Other  posslUe  explanations,  based  upon 
pheno«n«  associated  wit);  the  Betl»d  of  action  of  the 
lactlc-acid-bacteria.zyw.3e.  hare  been  aupf-coted.  rheee. 
hcwever.  are  not  very  satisfactory,  as  they  represent 
nothing  but  speculations.     It  Is  ncsaible  ttot  the  cells 
retain  the  lactic  acid  within  theaaelvea  and  do  not  ex- 
crete this  metabolic  product  until  a  certain  time  ha. 
•lapsed.     In  view  of  the  relatively  large  a-xunt  of  lac- 
tic acirl   -reduced  per  cell  in  an  tour.  t}ils  does  not 


BGeza  a  plausible  explanation.    Poaeibly  the  combina- 
tion between  ensyne  and  aubatrate  tends  to  delay  the 
detection  of  lactic  acid.    The  possibility  of  inter- 
mediate stages  in  the  che  ilcal  reaction  Itself  ahould 
not  be  ignored.    Althoucb  these  phenoiaena  cannot  in 
themselTes  account  for  the  ao-celled  "incubation  stage", 
they  may  play  a  minor  role  by  causing  a  sllpht  delay 
in  the  liberation  of  lactic  acid  into  the  oedium. 

(3)  Incoranlete  data. 
nahn»8  (1911)  explanation  of  the  so-called 
incubation  period  furnishes  the  aoat  satisfactory  bas- 
is for  the  interpretation  of  the  slope  of  tlie  fernen- 
tation  curye  durlnr  this  early  pliase .    He  belieres  that 
with  aoeli-ne  tized  lactic  ucid  bacteria,  the  nrooesa  of 
lactic  acid  fermentation  bepins  at  once,  but  that  the 
small  amount  of  lactic  acid  produced  by  the  few  lactics 
is  difficult  to  detect.    The  fact  that  with  large  inocu- 
lations this  phase  was  shortened  further  strengthens 
his  interpretation.     riiia  seeaa  a  ranch  n»re  plausible 
explanation  than  that  lactic  acid  fermentation  itself 
is  delayed  until  after  considerable  aultipllcation  of 
the  cells  has  occurred. 

(4)  Belay  in  multiplication. 
In  the  ease  of  unacclimatized  or  degene- 
rate lactics,  a  delay  in  the  fermentation  process  pro- 
bably does  occur  but  is  then  the  result  of  a  retarded 
state  or  condition  extending  to  the  other  life  process- 


•  ■       ••11.    itony  Inve.tlgttors  of  riicpotlal  life  hia- 
torlea  Delleve  there  Is  a  neriod  after  inoculation  into 
a  new  aedlun.  during  which  the  baoteri.  are  raore  or  lea. 
latent  and  that  rapid  multiplication  tegins  only  after  a 
certain  time  has  elapsed. 

(a)  Discussion  of  the  ao-calied 
"lag  period". 

The  ao-cnlle'  'la*?  neriod"  of  Y-  f*nr'iT.-\ 
growth  18  mtl  natcly  connected Vlth  thia^Ju^afJoJ!  ' 
iS  tMJ%niT?'  ^-oll^'infr  interpretation  of  workers 

f?floO    n  telow  (Bnaeraan  (1895),  liiilier 

fjf^l  •  (1906).  ^ubner    1906.  b).  Lane-Clay^n 

^■edinr^ha.a'and  r^old  (m5) 
r>lator  (1916,  1917),  Buclmnan  (1918).  Barber 

The  earlier  Interpretation  of  the  "lar-- 
«M  that  of  r.  definite  period  dSrlSs  which  pfowth 
was  apparently  in  abeyance.  K^owin 

Later  autlioritlea  interpret  it  more  as  a 
qurntltatlve  difference  in  rate  or  velocity  of  raultl- 
Z"        period  which  elapaea  between  tlrie  of 
flcedlng  and  point  at  which  the  velocity  of  reproduction 
attains  its  aaximal  level." 

V,  *  V     .  explanation.  tlH3  feet  can- 

not be  Ignored  that  the  difficulty  of  raeHBurinr  a-null 
Increases  in  numbers  of  bacteria  aay  enter  and.  to  a 
certain  extent,  vitirte  the  data  on  which  the  oxlatence 
or  .Ills  plixiae  depends.    Thio  Is  ohown  i-y  the  work  of 
Oheaney  and  of  Parber,  to  be  reported  later. 

(to)  31gnlfieanoe  in  anricultur- 

al  lactic  acid  ferraentation. 

In  the  nropresB  of  agrlculturol  lactic  acid 

feraentations  a  period  of  delayed  or  retarded  nultlpli- 

0. -ition  Is  al^lflcant  only  when  degenerate^actlca  er« 
Introduced  as  the  f ernientlnp  agents. 

"Lag"  or  "latent"  perioda  are  due  either 
to  extracellular  or  intracellular  causes  (Chesney). 

1.  xtracellular  causes  would  include  any  unfavorable  en- 
yironinental  condition,  such  as  hydrogen  ion  concentra- 
tion, food,  and  teroperature .    In  the  early  TMrlods  of 


•loot  irmortant  arrrlcul turpi  leotlc  i  clrt  fomentations 
the  iRCtlcs  usually  find  theraaelvea  in  a  farorable  en- 
vironment.   Hence,  the  cause  of  any  "lag"  period  muat 
te  found  In  the  condition  of  the  lactics  theTnBelvea. 
"uch  evlf^ence  ia  presented  that  depenerate  bacterii.  do 
exhibit  a  distinctly  latent  period  when  inoculated  into 
e  new  merllum.    T^y  direct  micro 300y>ic  observations.  Bar- 
ber found  that  no'lap"*  occuro  with  young  acclimatized 
cultureg  of  B.  ooli.    Oheoney  has  shown,  that  in  the 
case  of  the  pneumococcus,  the  "lag?  which  occurs  with 
inocula  of  orpanisraa  weaVened  by  previou3  exnoaurc  to 
netabollc  products,  is  not  nianifested  by  Inocula  of 
vlroroua  colls  transfpri^r?  durinp  the  period  of  active 
rrowth . 

Here  the  delay  in  multi  plication,  due  to 
weakened  activity  of  the  laotlos,  together  with  the  dif- 
ficulty of  detectlnp  a-aiill  umoTints  of  lactic  ucid,  would 
explain  extended  "Incubrttion  periods"  In  fenaentations 
induced  by  degenerate  laotlos.    The  ourves  of  such  fer- 
mentations would  show  a  very  gradual  or  even  a  zero 
slope  for  a  longer  distance  frora  the  origin  tiian  would 
those  in  which  vlporoua  cells  were  used  as  inocula. 


d.  Dismissal  of  this  nhaae  of  the  fer- 
mentation. 

Since,  in  thi^  case  of  active  lactics,  the 
existence  of  a  ao-oalleii  "incubation  stage"  seems  to 
be  based  upon  experimental  error  or  unon  observations 
obscured  by  limitations  of  teohnique,  it  is  unwise  to 
attenpt  an  interpretation  of  the  detemining  faetora 
of  tills  part  of  the  fermentation  curve.    If  accurate 
data  were  obtainable,  it  is  probable  that  this  phase 
of  the  curves  of  usual  lactlo  acid  fermentations 
would  manifest  the  influence  of  the  same  condition- 
ing faotors  as  those  determining  the  next  phase. 


'V 


2.    Phaae  of  ranidly  riBing  slope. 

This  phase  of  the  f erraentation  begins 
rt  print  A  on  Orim'a  curve;  the  noaltion  of  this  Tioint 
ia  not  !Jo  evident  on  the  other  ourve .    It  is  very  pro- 
fcatle  that  the  livlsion  of  the  period  of  acceleration 
is  based  on  experiaental  error;  furtherraore ,  it  -.yill  be 
shown  below  that  the  factora  determining  the  alope  of 
the  fenaentatlon  curve  and  the  profrreaa  of  t>io  fermen- 
tation possess  practically  the  same  relative  value  dur- 
inpr  both  of  these  piropooed  phases. 

a,  Condltioninr  factors. 

(l)  Concentrations  of  3ubatrate 
and  of  enzyrae. 

T>urlnR  this  phase  of  the  feriMntation 
curve,  tlie  concentration  of  the  enayine  ia  relatively 
low  compared  tc  that  of  tlie  aubatrute.     In  the  above 
discussion.  It  was  stated  tloat, under  these  conditions, 
Buel&ux,  Thrown,  an'  others  found  the  velocity  of  the 
reaction  or  the  slope  of  the  curve  to  be  dependent 
nerely  upon,  the  concentration  of  tho  ensyiae .  This 
is  explained  (Brovn,  Bayllss)  as  being  due  to  a  cora- 
bination  betft«en  ensyme  and  aubatrate,  and  the  conse- 
quent Inability  of  a  small  arnount  of  enzyme  to  affect 
raore  than  a  lltalted  number  of  taolscules  of  the  substrate 

in  a  piven  time.    This  fact  places  the  concentration  of 
the  enzyme  as  the  doalnant  influence  upon  tlie  slope  of 

the  curve  during  at  least  the  frreater  part  of  this  phase. 


The  concentration  of  the  ensysw  is  de- 
pendent upon  the  growth  of  the  Inctic  acid  hticteria 
and  consequently  the  concentration  of  th«  catalyst 
vill  te  increusing  more  or  lean  in  general  confomi- 
ty  with  the  law  of  organic  prowth. 

The  general  form  of  the  ferrao.ntation 
curvca  is  in  apreeaent  with  these  deductiona.  It 
1«  concave  upwards  as  would  be  the  case  with  u  curve 
largely  dependent  unon  the  exponential  curve  of  growth. 
It  is  probable  that  the  first  phase  is  also  largely  an 
expression  of  the  curve  of  growth.    If  accurate  data 
were  obtainable,  it  is  probable  that  the  point  A  would 
not  exist  on  Crlimn's  curve  (Fig.  i)  and  that  this  part 
of  the  curve  would  also  be  slightly  concave  upwards, 
with  a  gradual  and  then  rapidly  inoreasing  slope  as 
the  exportentlal  curve  paaaed  into  Grinn's  second  phase. 

(2)  Activity  of  the  catalyst. 
During  this  pliase  the  total  catalytic 
efiecc  is  greatest,  as  is  evident  from  the  high  ve- 
locity of  the  reaction  Induced.    As  la  seen  in  the 
curves,  acceleration  of  lactic  acid  production  occurs 
throughout,  due  to  increasing  concentration  of  the  lac- 
tic acid  bacteria  gymase .    The  concave  upward  arc  of 
the  curve  shows  that  even  though  r.  slight  or  local  re- 
tarf?lng  influence  is  oerhaps  being  exerted  upon  the  ac- 
tivity of  the  ensyrae  by  the  presence  of  the  reection 


products,  the  retardation  is  raore  than  orercone  by  th« 
accelerating  influence  of  the  increasing  concentration 
of  the  catalyst. 

b.  Combination  of  first  two  phaaes  into 
one  period. 

This  phase  of  the  f erraontation  Oriiaa  tenu 
-phase  of  increasing  life  aotlrity  of  the  lactic  acid 
hacterle".    Hahn,  however,  has  shown  that  the  activity 
or  fermentinp  capacity  of  ladtics  is  ^renter  the  young- 
er the  cell,    noreover,  it  would  seem  that  the  presence 
of  even  small  nnountsof  the  reaction  product  would  re- 
tard, to  a  certain  extent,  thp  activity  of  the  lactic 
acid  haoteria  an  ^  their  ayrTeae,    According  to  this  in- 
terpretation, nrlira's  tern  "phase  of  increasing  life 
activity-  woul.'J  include  al3o  his  ao-oalled  -incubation 
stage". 

The  first  two  phases  could  be  combined  to 
forro  one  period  of  the  fermentation,  based  upon  a  fun- 
daiB-ntal  property  both  In  the  femjentatipn  curve  and  in 
the  conditions  existing  in  the  system  during  this  peri- 
od.    It  would  include  the  neriod  of  growth  of  the  lactic 
»cid  bacteria  and  represent  that  part  of  the  fenaent«k- 
tion  during  which  the  reaction  Is  accelerated  due  to 
the  relative  dominance  of  the  eonditiona  tending  to  pro- 
mote the  biochemical  catalytic  production  of  lactic  acid. 
It  could  be  termed  "period  of  acceleration  of  lactic 
acid  T>roductlon''  or  -period  of  growth  of  lactic  acid 
bacteria"  (although  the  validity  of  the  latter  term  raay 
be  questioned). 


c.  PractiCHl  aignificanee  of  this  period. 
The  practical  application  of  an  underatand- 

inp-  of  the  existence  of  such  a  period  durins  the  course 
of  lactic  ccid  fermentation  is  aeen  in  the  use  of  lactic 
starters.    Griara  found  that  the  looat  deairatle  l&ctio 
acid  f ertaentation  of  milk  waa  produced  by  the  use  of 
inooula  taken  from  cultures  during  thia  ^riod  of  the 
life  history  of  lactic  acid  bacteria, 

d.  Knd  of  dominanoe  of  acceleratinR 

influences . 

Burlnrr  this  neriod  the  ferments tion  curve 
steadily  rises  imtil  the  ooint  of  inflection  B  is 
reached.    Although  the  curve  ia  atill  rislnr,  its  slope 
or  the  spee''  of  the  reaction  is  Imam  from  thtt  point 
th&ft  durinr  the  second  phase.    The  point  of  inflection 
on  t}ie  curves  of  different  lactic  acid  fermentations 
will  vary  both  as  to  tine  and  acidity,  acoordinp:  to 
the  strain  of  lactic  taicro-organlsm  and  cnvirontnental 
conditions,  but  ia  k11  curves  it  in  largely  due  to  the 
decreasing  influence  of  the  concave  upwards  exponential 
curve  of  growth.    In  Hahn's  (1910,  1911)  work  it  occurred 
when  acidity  of  50°  -  60°  waa  reached;  in  Grian's  curve, 
wh«n  about  70°  acidity  is  readied  after  about  16  hours' 
tiae  froa  inoculation. 

VII,    Period  of  n«trrdation  of  Sn«yiae  Action. 
1.    Phase  of  grs;!ual  inhibition, 
a.  Conditioninr  factors. 
The  point  of  inflection  aiarks  the  •liaina- 


tion  of  the  factor  of  Increasing  concentration  of  the 
tnsj^:  the  reaction  is  now  proceedinR  under  the  in- 
fluence of  a  fairly  conatant  concentration  of  the  cata- 
lyst.   The  two  deterp.i„inr  factors  of  the  slope  of  the 
curve  are  now  the  concentration  of  the  sugar  and  the 
.^ctivity  of  the  enzyn«.    "The  curve  is  „o,  concave  down- 
ward;  the  eame  form  would  be  raanifcsted  near  the  end  of 
the  loparithniic  curve  of  an  ideal  first  order  reaction, 
by  reason  of  decreased  substrate  concentration.  How- 
ever, it  is  certain  that  the  determining  conditions  of 
the  velocity  of  the  reaction  are  not  of  the  same  rela- 
tive value  in  the  cane  of  aRrlcultural  luetic  ocid  fer- 
raentations. 

b.  Concentration  of  substrate  not  the 
absolute  factor. 

The  aufjar  concentration  in  usual  lactic 
acid  fermentation  of  milk  is  dirainiahed  only  Z0%  dur- 
inf?  the  entire  reaction.    During  this  pJiase,  the  di- 
minution is  about  6%  of  the  initial  concentration;  this 
would  decrease  the  total  sugar  concentration  only  0.3^. 
ir  the  substrate  were  the  deter.-nining  factor  of  the  re- 
action velocity,  the  3iop€  of  the  curve  would  not  be 
greatly  affected . 

dx 

The  slope  of  the  fermentation  curve,  or 
reaction  speed,  at  the  beginning  of  this  phase  would 
43k:  at  the  end.  40k.  provided  that  t}ie  catalytic 


action  of  the  enzyioe  were  unimpaired. 

However,  the  (rradu&l  retardation  of  the 
velocity  or  decrease  of  slope  ia  rather  to  be  explain- 
ed by  th«  inhibition  of  t.he  catalytic  effect  of  the 
enzyme.    The  conoentration  of  the  reaction  producta  la 
beginninn  to  raanifeat  its  influence  by  inactivation  of 
the  ensjrme,  as  erplainert  in  the  above  principles  of  en- 
zyme action.    The  harmful  effect  of  the  products  have, 
in  earlier  phases  an4  perhaps  in  the  first  part  of  tkia 
phftM.  been  lessened  by  the  rcMoval  of  tho  reaction  pro- 
duct frora  the  sphere  of  action  of  ths  enzyrae  by  «>ana 
of  buffer  effect  of  certain  aubatanoea  in  the  ayatem. 
(Coiapara  Van  Slyke  and  .Cacchariaa)  . 

e.  Ch»raoteriatic3  of  this  phase. 
This  phase  Grlinm  oharacteriaed  by  Ita  con- 
stant decrease  of  fermenting  power.    Active  multiplica- 
tion has  largely  has  largely  ceased;  the  reaction  accele- 
ration has  been  entirely  lost  and  ia  supplanted  by  a  gnid« 
ual  retardation;  the  slope  of  the  curve  decreases  gradual- 
ly until  the  point  C  is  reached,  which  narks  tho  begin- 
ning of  the  fourth  ahase . 

a.    Last  phase  of  the  fermentation. 

a.  Actual  inhibition  of  t!ie  reaction, 
"he  slope  of  the  fermentation  curve  }ma 
keeone  practically  zero  and  the  curve  becomes  asymp- 
tote to  the  line  la  (Fifr.  l),  which  represents  the  a- 
munt  of  lactic  acid  posnlble  to  be  formed  by  this  strain 
of  lactic  acid  bacteria  in  Infinite  tine  under  Infinite- 


ly  optiinun  oonrlitiona.    The  insignificant  velocity  of  the 
reaction  is  li^rgely  due  to  the  Inac  tiTatiou  of  tiwi  en- 
xynie  by  the  products  of  the  reaction;  the  biochemical 
catalyst  has  beor.  "poisoned"  hy  lianaful  aubotancee  in 
the  ayatc'tt,  analogous  to  Bre dig's  "poisoning"  of  in- 
orgmnic  catalysts.    The  factors  in  the  inhibition  of 
ectlTlty  of  the  biocher.ical  catalyst  will  be  di  scussed 
in  the  followinp  srtiele. 

Whether  actual  cessation  of  Trmltiplication 
ef  the  cells  occurs  before  the  action  of  the  en«yne  is 
ftbsolutely  inhibited  I3  difficult  to  state.    Grimm  re- 
ports that  the  acif?  production  ceases  at  the  beginning 
of  the  fourth  phase,  but  that  slight  multiplication 
still  occurs.    Rahn,  however,  found  tliat.in  his  ex- 
perloents  at  least,  acid  production  continued  ;  f ter 
all  multiplication  liad  ceased.    Here  again,  the  ques- 
tion is  obscured  due  to  the  difficulty  of  measuring 
enall  araounts  of  lactic  acid  that  would  bo  produced 
ty  the  lactic  acid  bacteria  in  this  stage  (and  still 
raore  so,  the  slight  increase  in  nusiber  of  cells). 
That  the  lactic  acid  fermentation  procesis  could  proceed 
even  after  the  death  of  the  eella  has  been  slTown  before. 
(See  "Snzyraes") .    Here,  however,  the  concentration  of 
the  reaction  product  is  lore  in  evidence.    It  is  proba- 
ble that  this  phenornenon  is  different  under  different 
conditions. 


+i,^o«      +  proteolytic  ensyraea  involved,  instead 

iLi^itt  ^i""*^  on  8Uf:.r:..  it  is  certain  tliut  Inayiaatic 
t  .  raultiplicr.tion  haa  been 

inhibited.     (In  fact,  in  the  case  of  the  co-irson  lactic 
it  IB  only  after  autolvsia  ttet  u  significant  attack  oA 
proteins  is  .lanifeated) .    v/ith  enz^^oes  such  aj  tJio  lue- 
tic -.cid  fcacteria  syraaae ,  the  products  of  growth  are  pro- 
hahly  as  inhibitory  to  en3y:3»tic  activity  us  they  are  to 
the  -rocesaes  involved  in  multiplication.    The  greater 
resistance  of  T>roteolytic  enaraea  oo.-a'jnred  to  tliat  of 
c^irbohyf^raae  enay^s  is  h  quite  general  rule,  (Avery 
and  Cullnn  furnish  n  recent  exa-nle  in  the  c&se  of  the 
enzy-nea  of  •pnnu  -iOQocoi) . 

b.  :^raotical  significance. 
During  this  rvhaae  of  lactic  iicifi  feriacnta- 
tion  t)io  njicroblal  activity  la  at  its  ninlrauin.  Trans- 
fers of  the  lactlca  fron  a  3yat«Ta  in  this  staRc  will 
not  exhibit  roaximuya  phyoioloi^loal  efficiency.  Obvi- 
ously, the  use  of  starters  fpon  cultures  of  this  age 
will  not  be  udvantafreoua ,  aa  shown  by  HahitB(l91l)  and 
Crina'a  experiraenta , 


VIII.    Snd  Point  of  the  lActlc  Acid  Pennentation 
Process . 

1.    T)€terraination  of  end  point. 

The  final  end  point  of  the  fermentation  Is 

reached  very  gradually;  probably,  even  after  no  further 

Increase  in  acid  production  can  be  detected,  the  reaction 

la  still  proceeding:  et  an  Inappreciable  rate. 

The  aetual  end  point  io  due  to  the  inac- 

tlTstirn  of  the  catalyst;  it  is  establlahed  at  the  ;)oint 

at  which  the  retarding  influences  completely  overcom 

those  prornotinr  production  of  lactic  acid.    It  may  be 

conveniently  represented  ly  an  equation  sinllar  to  that 

expressing  Ohm's  law,  wliich  fJetraan  uses  to  explain  oa- 


taly»l»  Itself. 

Velocity  of  Isetie  acic'  production  «  drlvlnr  force 

reoi3tRnce~ 

Then  the  retarding  influences  coapl^tely  inactivate  tha 
"drivinp  force"  or  the  catalytic  notion  of  the  lactic 
acid  bacteria  zymase .  the  velocity  of  the  reaction  be- 
coaea  Inslfmifioant,  which  is  the  end  point  of  the  pro- 
ce3H  of  lactic  acid  ferraentation. 

2.    Factors  involved. 

It  iB  evident  that  luetic  scld  fermentation 
ceaMB  when  conditions  in  tha  systenj  are  such  aa  to  in- 
hibit hoth  the  life  procesaea  of  the  laotlca  imrl  the 
rctlon  of  any  enzy-ie  that  might  be  liberated  by  autol- 
yala  of  the  cells.    The  de ter  lininp:  factor  la  probfbly 
different  in  different  ayatems,  tut  ir.  all  Itctic  iicid 
fermentations  aome  one,  or  a  coTiblnatlon  of  the  follow- 
ing factors  rauat  nlay  the  p7*incipnl  role;  laoV  of  a- 
vRllable  food  in  the  raediun  or  an  accumulation  of  an 
inhibitory  coneentration  of  fermentation  producta. 

a.  UtlliPtable  food. 

Tlrje  principal   fonA  aubatancea  required  by 
Ipctlc  iicid  bact'^ria  are  a  fernentuble  aup-ar  and  uti- 
lijsaMe  nitrogenoua  Tnterial.     In  the  -lore  i  ^^ortant 
agricultural  lactic  liCid  ferrjeutationa  it  ia  aeldom 
that  the  sugar  la  completely  exhausted  (connare  "Sec- 
ond Period  of  the  Fermentation^). 

HoveTer,  in  /-lany  esses,  as  sugreited  by 


^rah«ll,»  Hahn.»    and  I!a3ting«,  Xvana  »nd  Hart,»  the 

fermentation  3tpp8,  due  to  the  uslnf?  up  of  the  ETail- 
able  nitroRenouB  food  in  the  •^ediura.     "or  exa-inle, 
many  lactic  acid  bacteria  cease  to  aultlply  in  aillc 
before  the  rceunulation  of  fer^ntatlon  products  hos 
rcRohed  a  T>i*hlbitive  concentrution.    In  thein  caries 
the  en--?  of  th*^  llfo  Id  story  of  the  lactlca  is  due  to 
a  failure  in  the  9UT>r>ly  of  utiliaable  nitropienous 
foof!,  aa  la  eriftenood  by  p  reneml  of  iBulti-^lication 
werely  u^on  the  addition  of  nitrogencuH  food  in  a 
form  nvKilable  to  the  orfraniama.    (It  io  kIoo  poaai- 
>- If?  th:.t  the  supply  of  ucoeaaory  food  aubstances  is 
■  exliBust'^d) . 

b.  Hydroperi  ion  ooncentrr-tion , 

ftere  often,  however,  the  end  i.oint  of 

the  fermentation  ia  brourht  about  by  an  occuraulation 

of  fermentation  products. 

rfhether  the  final  ceooation  of  lactic 
rcid  ferraentation  is  in  thoae  casoa  due  t"  the  inhi- 
bition of  the  lactacidase  (liberated  and  free  in  the 
medium  or  within  the  cell)  or  to  inhibition  of  life 
procesaes  of  the  Tactics  ia  impoaaible  tn  determine , 
for  reasons  piven  b'^fore. 

Chief  a-nonp  theae  ferraentation  products 

la  laiftic  acid,  althouj?ji  "otJier"  feiwentation  iroducta 

at  times  play  a  significant  role.    ?he  nrinoipal  inhl- 

« 

bltory  influence  of  tlio  :ireaence  of  this  subatanoe 


•  See  "Microbial  Association" 


will  be  exerted  by  the  hydrogen  ion  concentration  pro- 
duced by  its  diosociation  in  the  modiun,    Hxanples  of 
the  influence  of  this  factor,   (which  have  been  Riven 
in  the  r'iacuneion  of   'Influence  of  liydropen  Ion  Con- 
centration on  lACtic  Acid  Bacteria"  ("Influence  of 
r nTlroniacnt")  ),  show  thut  in  many  cases  the  removal 
of  thl3  f frmentation  product  by- neutralization  of  the 
aciv'  permits  the  ferracntation  -jroceaa  to  continue . 
Hence,  the  end  point  of  such  agricultural  lactic  acid 
ferraentatlons  is  deter^iined  largely  by  the  hiph  hydro- 
pen  ion  concentration  produced  ty    the  ferraentation 
and  the  final  pH  value  of  the  laediun  will  te  that  of 
the  fenaentation  limit  of  the  lactic  a^ent. 

e.  OthPr  products  of  the  fomentation  - 
lactate  ion.  Molecular  lactic  acid, 
and    other  products**  of  ualcnovm 
origin  and  nature. 

In  spite  of  the  importance  of  the  liydro- 
{?en  ion  concentration  as  a  liraiting  factor,  it  io  nro- 
bable  that  other  r^roduct3  of  lactic  acid  f f;r;aentation 
at  tlTnes  prohibit  the  notion  of  the  lactic  acid  bac- 
teria before  the  linltinr  hydroc«i  Ion  concentration 
i  3  reached . 

Thrown  (1914)  attea-i-ted  to  exi^lr-in  the 
lower  find  titratublc  r,ci<Uty  produced  in  the  lactic 
acid  ferraepitfition  of  cornplex  nurara  so  "the  rcoult  of 
none  other  deconr^oai  tinn  product3  which  accoTipany  the 
acid 3.  r.nd,  in  connection  with  then,  are  able  to  inhi- 
bit (-rowth  *.     (ether  atr ter-jents  in  hia  roport  ar*;  not 
strictly  in  accord  wit)i  the  body  of  this  article). 


^.  ^    .  (1911)  found  that  lactic  Qrgnni3;a8. 

which  at  fir-Tt  responded  tc  neutri.ll ::ati;.n  ty  renewal 
of  prowth,  failed  to  respond  njid  decreaaed  in  nuabers 
after  repented  neutralir.ationa .    He  believes  t;,ia  to 
be  due  to  the  concentration  of  aodiuw  lactate  or  to 
"other  y>mducta''  of  the  fcrmentcition . 

Clnrv  (1915)  interpreta  the  followinc 
ex-nerlments  upon  the  inhibitory  influence  of  other 
fer-nentRtion  products  than  the  iiydrogen  ioh  concen- 
tration of  the  nediuT.    T3eter  sinationa  w<rre  raade  of 
the  final  lydropon  ion  concentrstion  at  which  action 
of  lactic  acid  bacteria  of  t}^  first  .tou-.  ceaaed  in 
nedia  poo3n:ii?lnp:  different   ^o7Tero  of  neutrfilizinr  the 
ucld  and  thus  lowerinr  the  hydrogen  ion  concentration, 
lie  found  that  "in  the  snore  hiphly  buffered  raedia,  that 
ia,  in  the  itjedia  with  the  ^reateat  neutrali ?.inp  power, 
prowth  stops  at  lower  final  hydrofsn  ion  concsntration 
and  that  this  relationship  ia  nore  or  leas  orderly. 

•   The  first  conclusion  to  which  this  n^^into 

i3  that,  although  tVie  liydropen  ion  concentration  is 
tlie  cMef  liiaitinf?  factor,  other  toxic  bodlea,  perhaps 
the  undi33ociated  aci^ia  tlie-nselvos ,   .....  aocujiulate 
durinp  the  fermentation  end  ^uperi  ipose  their  own  rela- 
tively small  effect  :iince  the  toxicity  of 

the  no  bodlea  would  be  proportional  to  their  concentra- 
tion, we  should  expect  to  find  their  effect  rreater 
in  raedia  which  per'uit  the   nore  extended  farfaentution, 
nanely  In  the  hirhly  buffered  media." 

The  experiiaento  of  Von  T>am  ulao  support 
the  Influence  of  other  fomentation  products  than  tlie 
S'.eoific  effect  of  the  diasociated  hydrogen  ion.  Fron 
the  resulta  of  erperi-nents  with  ;trep.  isictlcus  in  whey 
culture,  he  fcelleTes  that  in  fit  leaot  aoiae  racdia,  (espe- 
cirlly  hiprhly  lufferod  ricdia),  the  undisaocintcd  raole- 
CTtisn  of  the  lactic  acid  .ire  a  very  important  factor  in 
the  inhlbitif^n  of  p-rowth  by  nn  aecuirulation  of  feiTicn- 
tJ  tinn  >iroducts. 

He  inveatignted  the  apecific  effect  of 
the  hydrogen  ion  an'  of  tliC  nnlecular  lactic  Rcid  by 
an  application  of  the  ionization  constant. 

(H+)x  (C3H5O3) 

(HC3H5O3) 

By  addinp  soluble  lactates  to  the  whey 
nediun,  he  displaced  the  equilibrium  in  the  eqiuition, 

K*  ♦  C3H5O3  t,  HC-^HgOs 

and  auppressed  the  liydropen  ion  concentration  with  a 
Consequent  incrct  se  in  n»leculiir  lactic  acid. 


*1 


In  theae  to  its,  growth  stopoed  wlien  iJiole- 
cular  1  ctic  acid  roMched  0.01  II,  altrough  the  iiydro- 
Rea  ion  crncentrHtion  ma  c.r  aaiilerabiy  Li-lou   Lii^i  uaual 
H  Unit  of  this  organism  and  could  aot,  therefore,  uo- 
'  count  i'i  itself  for  the  ond  of  the  fc rnieatation . 

In  other  e:cperi»aent8  he  added  liydrociaoric 
acid  to  thR  whey  before  inoculatioM.    Rere ,  growth 
ceaaed  lonp  before  the  concentration  of  nolec^ular  lac- 
tic Rcld  could  account  for  the  inhibition;   in  these 
testti  It  was  the  s  .ccific  effect  of  tii£  lij'drop;en  ion. 

ilTuna  and  others  have  ahown  thut  the  final 
pH  reached  by  -Hi^p.  lacticus  in  yeaat  peptone  sugar 
broth  varies  with  tl)e  .^upar  8ul::trato, 

The  influence  exerted  by  aubatancea  slml-. 
lar  to  !'orthrup's  "other  .-roduota"  alioulr!  not  be  ig- 
nored.    It  io  even  ;aore  probatle  that  luetic  f^oid  bac- 
teria produce  other  unrecognized  products  of  toxic  in- 
fluence to  theaselvea  tliaa  that  they  produce  substances 
harmful  to  other  mlcro-organisna. 

The  harmful  of feet  of  metabolic  products 
of  unlcnown  nature,   (bo'te  of  them  therraolabile ) ,  (HyCic- 
aann  (1904),  ?vru3e  and  Punsiti),  is  thought  to  be  a 
factor  In  the  inhibition  of  activity  of  nrobablv  all 
ciicro-orgenis-as  (Rahn  (1906,  1917),  Kruse  {i910")  ). 
The  elaboPntion  of  such  "iroduct?  hi. a  been  denonatrated 
in  ca.-*e  of  the  colon  bacillua  an;3  tJic  pneumococcus . 
Cohen  and  Clark  (1019)  concede  the  possible  aifnlfi- 
CQ-nce  of  Buch  lubntancea  in  th«  inldbition  of  rfowth 
of  acid  fnnnera. 

In  the  above  eases,  practically  nothing 
is  known  of  the  nature  of  these  aubatancea  and  indeed 
little  more  of  their  abaolute  effect.    As  to  possible 
r6le  of  airailar  subatancea  in  the  inhibition  of  activ- 
ity of  the  comaon  lactica,  tho  worV  of  Morthrun  la 
norely  suggestive  iin-\  by  no   neans  confirmatory.  There- 
fore, any  definite  conjectures  as  to  their  r8le  in  the 


«nd  point  of  lactic  .'cid  fermentation  ia  unvarranted. 
It  i3  necessary,  however,  to  hear  in  :aind  that  the 
Influence  of  the  presence  of  these  suhstuioes  in  the 
system  may  at  tiiaea  otscure  the  iictual  rdle  of  other 
factors,  such  as  hydrogen  ion  concentration. 

d.  Relative  importance  of  the  hydrogen 

ion  concentration  factor. 

All  of  this  does  not  rainiTnize  in  the  least 
the  importance  of  hydrogen  ion  concentration  as  one  of 
the  factors  in  the  cessation  of  lactic  acid  fermentation. 
All  lactic  acid  bacteria  probably  have  litaiting  ranges 
of  hydrogen  ion  concentration  above  i»hich  growtli  in  any 
medium  is  prohibited.     However,  these  upper  limits  can 
be  considered  as  v.hyslological  constants  only  under  like 
an''  definitely  deterinined  conditions.    In  spitn  of  the 
fact  that  the  hydrogen  ion  concentration  is  usually  the 
moat  important  factor  in  the  determination  of  the  end 
point  of  agricultural  lactic  acid  fermentations,  it  is 
necessary  to  accept  Clark's  warning  "thfit  we  must  pro- 
ceed with  caution  if  we  are  to  deal  rigidly  with  the 
specific  effects  of  the  hydrogen  ion". 

e .  "Prohibitory  concentration  product." 
In  view  of  tie  many  factora  shown  to  play 

a  role  in  tlie  cesaatlon  of  lactic  nilcroblal  activity. 


la  it  not  roaaonHble  to  assuiae  that  growtli  ceases  vhen 
the  suin  total  or  product  of  all  unfavorable  conditions 
in  the  ?aediua  reaches  a  ;irohil;ltory  concentration  pro- 
duct?   lone  of  the  factors  of  this  :iroduct  are  taore 
itarportant  than  others  and  may  enter  into  the  product 
as  squares,  cubes,  or  other  po'>)rers;  their  relative 
iraportance  would  differ  in  different  lactic  icld  fer- 
mentations. 

In  case  footl  -vas  not  exhausted,  the  pro- 
ducts of  the  fementation  and  of  the  other  life  process- 
es of  the  lactic  organisms  would  be  the  chief  factors 
in  fleternininpr  the  end  rwint  of  the  ferraent&tion.  A- 
mong  these,  the  hyc'roren  ion  concentration  would  assume 
the  prreatest  I'roortance,  (this  factor  probfihly  loossess- 
inff  r.  high  exponent),  tut  in  many  cases  it  would  not 
entirely  suopreBs  other  fr.ctoru  of  our  "prohibitory 
product" . 

'Example  of  cumulative  effect  of  the  "pro- 
hibitory concentration  product"  in  cases  where  availa- 
ble food  ia  not  exhausted: 

(Sugar)o  X  (N)°  x  (H+)^"  x  (C^KqO^)^  x  ("Other  ?roduotB")y 


■  K 


Raise  exponent  of  the  (H  )  factor  and  other 
products  of  K  will  be  suppressed  (probably  the  usual  ease 
in  lactic  acifl  fermentation). 

Lower  exponent  of  the  (H*)  factor  (as  in 
Clark's  and  Van  Dam's  experiments)  and  other  factors 
will  liave  to  increaee  to  keep  K  a  oonsttmt. 


From  this  ^olnt  of  view,  the  lover  final 
hydrogen  ion  concentration  in  higlily  "buffered  media 
could  be  explained  by  a3su:iing  thfit  the  higher  concen- 
tration of  other  harmful  f<-.ctora,  (e.g.,  undiaaociated 
lactic  aci(?,   'other  oroclucts"  of  :'orthnip  and  probably 
still  other  unknown  netabolic  rroducta  of  luetic  fcid 
bacteria),  due  to  nrolonged  growth  in  theae  laedia, 
would  require  a  lower  hydrogen  ion  concentration  fac- 
tor to  TTiake  the  value  of  the  product  of  all  the  fac- 
tors reach  what  we  have  called  tlie  "prohibitory  conocn- 
trrtion  •product". 

The  inhibiting  influences  would  be  de- 
creasing the  speed  of  lactic  acid  production  tlarough- 
out  thP  course  of  the  fertaentatlon;  when  their  pro- 
duct reached  the  value  K  (which  would  be  a  constant 
only  under  strictly  defined  conditions  of  tl«  exper- 
iment) the  denominator  of  the  proposed  equation. 


Speed  «  driving  force 
resistance 


would  be  raised  to  a  value  reducing  tivs  rate  of  lactic 
acid  production  to  insignificance.    This,  then,  would 
mark  the  end  point  of  the  lactic  aoid  fernentation  re- 
action. 


IX.    Cases  in  jThich  Higher  ^nd  Point  is  Attained. 

In  a  study  of  the  end  point  of  lactic  acid 
fenaentation  and  of  the  factors  detoriaining  the  finia 
of  the  life  history  of  lactic  aciil  bacteria,  two  very 
interesting  questions  arise.    In  investigations  of 
lactic  acid  fenaentation  it  has  frequently  been  observed 
that  a  higher  final  concentration  of  lactic  acid  la  pro- 


duced  In  media  rosaeaalng  seemingly  rainimuii  food,  and 
still  isore  often  i.i  ferraentations  held  under  tempera- 
ture conditions  considerably  below  the  optirmira  for 
growth  of  the  particular  lactic  acid  bactera  Involved. 

These  relations  at  first  appear  contra- 
dictory to  the  Tjrlnciples  established  in  our  discus- 
sion of  the  Influence  of  envlromnental  oonditlono  up- 
on the  life  procesaes  of  lactic  bi.cterla.    The  follow- 
in<r  paragraphs  have  to  do  with  the  explanation  of  these 
phenomena . 


1.     Influence  of  food  upon  rate  of  lactic 
acid  production. 

♦  t-.*  (1910)  calls  attention  to  thf>  fact 

that  poorly  nouriahet:  lactic  cultures  mintain  their 
activity  for  i   much  lonirer  time  after  reaching  their 
niphest  number  and,  in  soae  cases,  produce  a  higher 
fihal  concentration  of  fermentation  products.  "The 
abundance  of  food  in  tailk,  cheese  and  siinilar  products 
made  tlie  lacteria  loss  resistant  to  their  own  nroducts 
than  the  scanty  food  of  soil  c  ctracts.  A 
few  experinents  indicute  tijat  poorly  nourished  bacteria 
are  able  to  produce      lurrer  arjount  of  fermentation  pro- 
ducts than  well  nourished  bacteria,  although  they  need 
longer  time  to  acco-oplish  it."    This  phsnomenon  ia  in 
accord  with  similar  observations  in  alcoholic  fr^iie  i- 
tatlon. 

Along  quite  the  sarae  line,  Tred ,  I-eterson 
and  Davenport  found  that  higher  ^  values  are  reached 
in  the  fermentation  of  Cf^ rbohydrf  tea  tltat  are  fittacked 
with  difficulty.    They  ascribe  this  to  the  alow  rate 
of  the  fermentation,    linilar  results  are  reported  by 
other  observers. 

These  phenomena  are  not  cohtradictory  to 
previous  statements  upon  the  Influence  of  optimum  con- 
ditions upon  the  life  processes  of  lactic  ucld  bacteria. 


'A 


Such  influencea.  if  their  effect  U  limited  to  the  rate 
or  speed*  of  lactic  acid  production,  should  hare  no 
tendency  to  lower  the  final  end  point  of  the  feraen- 
tation . 

2.     Influence  of  teanerature  u-pon  the  rate 
of  lactic  acid  production  and  upon 
the  final  anuunt  produced. 

The  second  question  may  also  be  explained 
by  plausible  deductions  from  well  established  physical 
oheinical  prlnclT>les.    Under  lower  temperature  condi- 
tions, as  under  -poorer-  nourishraent  conditions,  the 
rate  of  lactic  acll  production,  (and  also  !lahn's  -fer- 
menting capacity"), is  lowered.    On  the  other  hand,  al- 
thourh  the  speed  of  lactic  acid  production  la  lowered, 
a  hlpher  final  end  Tjoint  is  attained.    (See  Fig.  5), 

This  relation           higher  final  production 

of  lactic  acid  in  cases  in  which  the  Telocity  of  the 

reaction  Is  lower           has  frequently  been  observed. 

(Rahn,  Schierbeck,  Wliite  and  Arery.  Pennington,  Jen- 
sen (1904)  ).    Higher  accurnulation  of  proteolytic  pro- 
ducts has  also  been  found  to  occur  in  cultures  held  at 
tesaperntures  belo?  the  optimua  (Barthel,»»  Oorini,»» 
and  others). 


»  Conpare  eunre  of  "Influence  of  Tempera- 
ture" and  its  interpretation  (Tig.  5). 

»*  See  -Influence  of  Tesaperature". 


Similar  pheno nena  have  been  obserred  in 
'  alcoholic  foraentntlon  and  are  now  applied  in  the  io- 
du8 tries. 

Rahn  (1917)  explains  this  phenomenon  "by 
the  recognlECd  experience  that  all  products  of  feraen- 
tation  tend  to  checi<  its  propreaa,  and  that  any  chemi- 
cal product  or  suVstance  acts  the  more  Tigoitjualy  u;x»n 
any  life  proeeas  the  hlprher  the  temperature."    The  sans 
hydrogen  ion  concentration  or  the  same  concentration  of 
TnetRbolic  products  "that  will  atill  allow  a  slow  fer- 
raentatlon  at  10°  nay  check  the  fermentation  entirely 
at  200 

It  tnay  likewise  be  assumed  that  our  so- 
called  "prohibitory  concentration  product"  has  a  tea- 
perature  coefficient  wJiieh  determines  its  inhibitory 
effect,  not  only  upon  the  life  processes,  but  also  up- 
on such  enzymes  as  may  be  liberated  upon  death  of  tJie 
cells. 

Compton's  studies  on  the  relation  of  hy- 
drop«n  ion  concentration  of  the  medium  to  the  optimum 
temperature  of  en83naes  are  sugge stive  of  a  poaaible 
future  explanation  of  tit  least  a  part  of  this  phenoae- 
non.    He  (1915)  has  shown  that  an  "increase  in  the  hy- 
drogen ion  concentration  in  which  an  enzyme  acts,  be- 
yond its  o-:timam  acidity,  leads  to  a  fall  of  the  opti- 
mum temr^erature " ,  and  this  (1921)  Independent  of  the 
concentration  of  the  enzyme.    It  seems  tliat  thia  rela- 


tlon  might  also  involve  the  maximura  terarjerature ,  as  well 
ae  the  optimum,  to  ensyiae  action,  thus  raaklng  teiopera^ 
tUTe  a  factor  of  Moraeat  in  dotepraining  the  final  end 
point  of  fermentation  reactions. 

Prom  a  physical  chemical  standpoint,  an 
application  of  the  formula  of  Le  Chateller  nay  be  offer- 
ed as  a  partial  explanation  of  the  higher  final  concen- 
tration of  lactic  acid  reached  in  systems  held  at  a 
low  tenmersiture.    However,  the  fact  tliat  the  equillbrl- 
ua  point  of  the  reaction  of  lactic  acid  fermentation  Is 
a  false  equilibrium,  probably  decreases  the  1  iportance 
of  this  factor. 

{iulte  siiiilar  relations  are  obaervod  in 
aany  Inorganic  cntraytlc  reactions.    The  fllfferenoe  in 
the  effect  of  temperature  upon  reaction  velocitv  and 
final  end  point  of  chemical  reactions  Is  applied  in  the 
catalytic  production  of  ammonia.    At  high  tempo  natures, 
speed  of  reaction  la  rreater,  but  at  lower  temperntures 
the  final  end  point  of  this  exothemlc  reaction  ijore  than 
counterbalances  the  advantagea  of  greater  velocity  at 
hlpher  temperatures.     (Compare  Henderson  (1919)  ). 

The  relation    of  velocity  of  lactic  acid 

production  to  final  aisount  produced  Is  clearly  sliown' 

In  the  curves  presented  In  Fig.  ff.    Further  dlsoussion 

of  this  question  is  supplanted  by  an  Interpretation  of 

those  curves. 


Figure  6. 


Curres  showing  Relation  of  Te.operature  to  opoed  of 
Lactic  Acid  Production  and  to  Final  Concen- 
tration of  the  Product. 

I.    From  data  furnished  by  Schier^eck. 
II.    Piro'i  data  furnislied  hy  ?hite  and  Ayery  (Tables  1  and  II). 

Oeneral  chamoteri sties  of  the  curves: 


Curves  of  fernentations  at  lower  temperatures. 

Gradual  slope . 

Slower  rate,  but  hlt^her  final  end  i>olnt 
(line  -la"). 


Curves  of  fermentations  at  Mgher  te  iperatures . 
3teep  slope . 

Greater  velocity,  but  lower  fintil  end  point 


Significant  features: 

'^lope  of  eonoave  upward  arcs; 

In  curves  of  the  fermentation  at  higher 
temperatures,  the  slope  is  :»re  steep.  This 
indicates  a  more  rapid  increase  in  oonoentra- 
tion  of  the  catalyst,  due  to  stiiflulation  of 
growth. 

Slope  of  concave  downward  arcs; 

These  arcs  resemble  logarithinic  curves. 

The  slope  of  these  arcs  of  the  low  tempera- 
ture' fenaentation  cui^es  is  lesa  gradual  tl^ian  tliat 
of  the  arcs  of  higher  temperature  fermentation 
curves.     This  inriicateo  that  the  rate  of  lactic 
aciri  production  is  greater  througliout  the  later 
stages  of  the  f erraentntions  held  at  low  temperfi- 
tures  than  is  the  case  in  the  higher  temperature 
fermentations.     This  is  due  to  a  smaller  value  of 


(line  "la 


the  inaotivating  influences,  or  to  a  delay  in 
their  action. 

Concave  downward  area  of  the  low  te;apera- 
ture  curves  extend  for  n  longer  distance  from 
hoth  axes  before  heoonlng  asymptote  to  the  line 
"la".    This  i3  due  to  the  same  causes  as  in  the 
oase  of  the  differences  in  the  slopes  of  these 
arcs.    The  line  "la"  on  the  lower  fermentation 
curve  la  further  reraoved  frora  thn  horizontal 
axis  becauae  of  the  lower  value  of  the  "prohi- 
bitory ooncentrRtion  product"  at  lower  teropera- 
tures . 


/ 
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X.    Reversal  of  Reaction. 

1.    Reporta  of  coiabuation  of  laotic  aeid  itself. 

The  precedinpr  discuaslon  has  been  laore  or 
less  limited  to  lactic  licid  ferr-jentationa  in  which  the 
lactic  ccld  bacteria  w«re  una>3le  to  attuclc  the  lactic 
acid  r>roduced.    v-requent  references  nre   nade  in  the  lit- 
erature of  the  conj^ustinn  of  lactic  acid  \ty  the  lactio 
acid  bactftria  which  produce  it.    (Other  following  ex- 
planations woult!  now  poBiibly  account  for  iiany  of  the 
reports    of  apparent  direct  combustion  of  lactic  acid 
fcy  the  lac  tics.) 

In  his  discussion  of  the  theoretical  pro- 
creas  of  auch  lactic  ncid  fenaentationa ,  Duelaux  (1901) 
presents  curves  of  the  rcaulta  of  Kayser's  experiraents . 
The  curves  of  the  action  of  theao  lactic  acid  bacteria 
show  that  their  life  history  ar«l  the  .irogresa  of  the 
induced  lactic  acid  fermentations  are  different  from 
those  of  the  "true"  Ijictic  acid  bacteria.    In  thsse 
oaaos,  Uic  curve  of  lactic  acid  production,  after  rcaoh- 
inp  a  certain  lerel ,  T^aasea  to  a  laaximum  and  then,  usu- 
ally after  snne  oscillation,  begins  to  decrease. 

Tb«  theoretical  progress  of  auch  lactio 
acid  ferraentntions  la  coraparable  to  Rah.n*3  (1910)  re- 
presentation of  the  progress  of  an  assooiated  fenaen- 
tation  of  ailk  by  laotic  acid  bacteria  and  the  acid 
consuming  Oidium  laotis. 


2.    renaentation  of  aalta  of  orpanlc  acid. 

a.  Siiaultaneous  acid  and  alkaline  fep- 
nten  bations  . 

In  this  oonneotion  the  work  of  Ayera  and 
Rttpp  (1918)  sfienm  Tery  illurainatlng  and  offers  a  plau- 
sible oxplanation  of  the  nhenoraena  oocurrinp  in  fernien- 
tationa  brouprht  about  by  certain  acid  paa  lactic  acid 
bacteria*  and  alao,  to  a  certain  extent,  by  many  otliar 
lactic  organisms. 

Their  woxic  has  to  do  with  the  8imultan«ous 
acid  and  alkaline  fermentations  of  osiabers  of  our  first 
group  of  lactic  acid  bacteria.    It  has  been  knovn  for  a 
lonr  tiae  (Pakes  and  Jollyaan  (1901),  Harden  (19Cl),  and 
earlier  workers*)  that  some  lactic  acid  bacteria  are  able 
to  ferment  the  salts  of  foi*naic  and  other  organic  acids. 
All  of  these  workers  have  shown  that  these  ferMentations 
may  yield  alkaline  products,  (bicaitsonates  and  carbonates), 
which  will  tend  to  lower  the  hydrogen  ion  concentration. 
"Since  an  organism  oan  ferment  sugar  and  forra  organic 
acids  and,  at  the  same  tirjie,  ferment  the  salti  of  the 
sarae  acids  and  o  ridize  the    to  alkaline  carbonates,  it 
is  plain  that  these  simultaneous  fermentations  may  occur 
in  any  mediura  containing  a  fermentable  sugar'*,  (tlieir 
loraediate  results  were  obtained  in  a  synthetic  nedlum). 

They,  (Ayers  and  Hupp  (1918)  ),  ciroiiasise 
the  fact  that  these  fGnsentations  are  siiaultaneous,  for 


»  See  Pakes  and  Jollyman  for  earlier  references. 


eren  in  cases  where  „o  organic  acid  salts  a«  initially 
Preaent  in  the  mediu^a.  -as  soon  a,  organic  acid  salts 
are  formed  from  the  sugar  they  ar«  immediately  ferment- 
ed, after  which  the  two  fermentations  progress  si^aul- 
taneously.-.    I.  the  usual  a,-ricultural  lactic  acid  fer- 
mentations "th«  reaction  ^ay  be  due  to  the  acid  ferxae:*- 
tation  of  tl;e  sugar  and  an  alkaline  fermentation,  not 
only  of  the  organic  acid  produced  from  the  sugar,  but 
those  in  the  mediura  before  Inoculation. - 

t>.  Significance  in  agricultural  lactic 
acid  fenaentation. 

In  Tiew  of  the  significance  of  the  reaction 
of  the  raedium  upon  the  physiology  and  life  history  of 
the  lactic  acid  bacteria,  it  is  evident  that  tl«  aboTe 
pljenornena  raay.  in  many  cases,  be  of  oignlficant  moment 
In  deterralning  the  progress  and  direction  of  agricul- 
tural lactic  acid  fermentations. 

0.  Significance  in  the  interDre tation 
of  t}ie  presence  of  the  eolon- 
aerogenes  group  in  various  nro- 
duots . 

In  the  discussion  of  the  acid  gas  groijp 
of  lactic  ncid  bacteria,  it  was  shown  that  the  impor- 
tant -eiAers  of  this  group  have  been  divided  into  two 
quite  well  defined  sub-groups,  based  upon  the  oorrela- 
tion  of  several  tests.    All  of  these  teste  are  based 
upon  fundamental  and  apparently  deep  seated  difference, 
in  the  metabollsra  of  the  members  of  the  two  sub-groups. 


A  vvoTt  on  the  development  of  t\B  inter- 
pretation of  the  -^thyl  red  teat-  ia  giyen  below. 
There,  it  will  be  seen  that  the  differences  exlilbited 
by  this  tttst  are  based  upon  differences  in  the  direc- 
tion and  rate  of  progreoa  of  reactions  which  are  Inti- 
■ately  connected  with  the  oheialoal  changes  already 
Bhown  to  be  brouf^t  about  by  different  lactic  uoid 
bacteria  of  the  acid  gas  type. 


X.  (Addendum). 

"Methyl  Red  Test". 


^_    ,        ,      Although  p.  full  dlacuoalon  would  be  out 
of  Place  In  this  .,ar,er.  it  13  interesting  to  note  the 
phenomena  occurring  during  the  progress  of  certain  acid 
gas  lactic  acid  fermentations,  which  fumi3h  f-.e  basis 
of  the  "raethyl  red  test'  for  differentiation  tct\veen 
the    •IP-.T  gaa*  ratio"  and  the  -high  gas*  ratio"  lactic 
acid  br.Gteria.»    Clarke  and  Luba  devised  this  useful 
diar  lostic  test  by  "1  -posting  conditions  under  w)iich 
the  riPtabollsa  of  tlieae  (lactic  acid  bacteria)  can  be 
80  controlled  that  the  hydrogen  ion  conoentrstion  of 
cultures  of  one  group  can  be  raade  to  diverge  .videly 
fron  those  of  the  other  pro  up.' 

They,  (1915),  ex',;lain  It  ta  follows:  "All 
orgenlaraa  of  colon-aerof-eneo  group  which  rive  low  pas 
ratio  will,  if  furnished  aufflclent  fertaentation  car- 
bohydrate, continue  to  elaborate  acid  until  a  certain 
■one  of  hydropen  ion  concentration  is  reached.  Tliere 
ell  activity  ceases.    The  particular  point  in  this  zone 
13  deterralned  by  the  nature  of  the  raedlui,  but  1  any 
medlura  the  particular  noint  reached  i.i  remarkably  co  i- 
stant." 


the  other  hand.   "In  medln  in  which  low 
ratio  organisTaa  reach  their  limiting  hydrogen  ion  con- 
centration,  hipli  ratio  orgnnisjas  urc  found  to  reacli  a 
□uch  lower  value,  between        6  and    H  7.    It  must  lot 
be  inferred  that  high  ratifi  organlsfta  ceaso  foriaenta- 


3ee  "Groups  of  Lactic  Acid  lacteria". 


these  orgaairaa  hayrfer^ented  all  tS^' 
ditun  for  thla  teat  contaifia  i  »t  n\  5®.^"*^^'  l^^^  ^^o- 
production  of  a  Juantitv  o?  ^^J-  dextrose ) .  v/ith 

tit  further  growth  inJr^LrJ,"  ^"^"f^^icient  to  inhi- 
a  certain  liS?.  the  ^^2^*1  lin  ^^'^^^f  ^"d.  up  to 

o%a^dJo.enr.t^,:oe^r£F^^^^ 

hydropren  ion  cono*e^t?at"rortSai^  used    the  final 
lactic  ncid  bacterJa  J^°^°5  I^S^^l! .""^f "^^^ 
the  two  nay  he  readily  dirfe?eStia??d ^  Tlacrefore. 
dlcator  methyl  led.        ^'^^ - erentiated  t,y  use  of  the  in- 

and  the  constituent;  oi"  the ^^ff^  ^'^'^  organisa 

!■  as  follows:  ^  ^^'^^  direction 

B'loxmts  of  for'So*a^^dS^^ihic^*'orirl^'^  Pf?f"°*  ^'^''^ 
fcr  aubatances  of  tho  nediu  ,  ' 

erinro?'Jh^  -^-^^  -turZSy'L'i:e:Tlo;- 

erinp  of  the  hydrogen  ion  concentration. 

?a:}r^Wtr^^^^^^^ 

the  aero/renes  cultures.  Is  because  a  different  ^?atJon 


of  Hydrogen  Ion''?;Scen;«uJS'-^*%L';fL"?ltt  l^"""""** 
nrou.  can  reach  a  ,H  liSt":?  ^.S'lrofhefii?:."''"'^^"" 

.  axao    VolAtile  Acids-  in  -Other  rroducta". 


deJfin«J         *v,*^®  ^^.^'^        ^""^^  fer^oentation  of  the 

the  apee.-^  of  alkuline  fementation  of  the 
organic  acid  salts  in  tho  life  hietcry  of  theae  or*-an 
i«ma  tlvai  in  that  of  tho  colon  ^rroup/   ^he  diffeJenS^ 
♦v-*^?'"'         5''^°"  ^■'"^  aerof-enea  cultures  ia  «ne  of  rate 
the  final  hydrogen  ion  concentration  bein^r  t}-^  reauU 
of  the  rates  of  the  acid  r.nd  alkaline  fermentations." 

{^o^iA^    Trn-  inieatipr.tora    (Ber'rjan  and  Rettger 

this  reversion  to  he  due  to  neutralisation  cf  the  acid 
8uv^«ll^«°  ^""'^'^'^  ty  decoapoaition  of  protein 

/^^*^?r  ""i'^        '-y^'^  ^''^  ^""P  that 
♦  i     ^         ^2"^  I''*^*'  ^^^^''^  t^n'l  to  disprove  thie  asauian- 
ttJln^  f»«t  th^-t  in  their  worV  they  obtained  a 

veraal  of  reaction  m  media  containing  no  auhataiice 
fro  T  ^hich  B-^nia  could  be  forced  tends  to  substanti- 
ate Ay«rg  f^nd  T^urp's  explanation  elvon  above. 


LiU-^nv0  Cited.  •T>.oorotlca  trocr...  .f  i^ctlc  .old 

ArnstroriG  and  Awmtrone  l91o.  Pr4o.  Hoy.  ;;oo..  r.  ijtxxvx^s-fe*. 
Arrhenluo  191B.  -(iuantitatlve  Law  in  Ulolo,^ioal  Ch«dotry-.  p..^. 
Avery,  O.T.  anJ  Cullon  191,;.  J.  jod.  7JC:  o5a. 

1020.  -      •        «      XXXII,  J^47. 
Ayers  and  Tupp  1916.  J.  mf.    da,  108. 
Barber  190C.  J.  inf.  jio,  V,  679. 
Bar«?iel  1913.       Oiruneeph.  n,  192, 

^t)  ■  an  1095.  Arch.  T^yfjlene  XXlll,  44. 

:uyli3a  1911    -mature  of  -nsymo  Action-,  pr.55-66. 

1915.  -^rlncipleB  of  Ooncr^  Phyoioidrjy",  329-332. 

eutty  1917.  "Method  of  ^naym  Action-,  p. 43. 

ersnan  P»nd  nsttcor  cited  by  Vyero  rind  Rupp. 

i;rown,  A.,T.,  1902.  j.  cJiiiiu.  Goo.  7ran«.  IJCXXI,  373. 

"rown,  ".'T.  1914.  j.  mf.  nig,^  ^V.  mo, 

Buehananl9ie.  y.  ir,f.    ia.^  xxill,  109. 

ChoBnoy  1910.  J.  ]?xp.  75ed.  XXIV,  307. 

^;lark  I91f5.  j.  rdol.  Ch«j.  XXII,  07. 

'l-Jk  and  Lubo  1916.  J.  inf.    ia..  mi,  ICO. 

1'.'17.  J.  Biol.  Clioia.  XXX,  209. 

"1-ua  laee.  lnaw>  Blsnert.  -^t-aburc  (cltod  Plaut), 

-ohen  und  Clirk  1919.  j.  p.aot.  IV,  409. 

-3"pton  1915.  Troe.  Roy.  3oc,  B  UCOCVIII.  407. 
1921.      ■        •        •      B  XC,  1. 

^'onn  TT.w.  1903.  -Baotnrla  in  Milk  an.  Its  Prod.ctu-.  ,  .74. 

II,  p.OC. 
IV,  P.3S4. 


ucl^ux  190^^.  -Trait*   v  "1  crobiolodo-.   II,  p.OC. 


iJl:  unn  1904.  C.  3,akt.  I.  /JCXVl.T,  43G. 

1912.  •General  Chenlotry  of  tlic   'nzyaao"  124-145. 

"t'^-wloie.  -outlineo  if  TlieorotlOttl  Chemistry-  p.3£i3. 
''«y  1914.  Proc.  r?oy.  ;3oo.  B  LXXVII,  401. 


Grlfsa  1911.  C.  ,  a,t,  II,  XXXlI,  65. 
n^mer  1916.  Iowh  /^rlc.   :xpt.  3U.  Re..  Bull.  19. 
-ar  Jen  1901.  .T.  Chain.    ,00.  WCXlX,  610. 
:  aatincB.    >ano  and  Hart  1912.  B.l.l.  Bull.  150. 

Atfx...    Catalyals  In  Induutrlal  CiieuBltry*.  p.. 14, 
Joneon  1904.  I.a«c!w.  Jahrb.  .^chwelz  XVIII,  319. 
1019.  -The  Lactic  Acid  is  ictorl". 

Kllglcr  1916.  .T.  -act.  I,  063. 

Kru.e  1910.  -AU^o .elne  eUkroblolou'l.-.  pp.lSG-lOO, 

rrun^  and  Panslnl  1091  z,  Rygiene  Xi,  320. 

Tane   -    Claypon  1909.  J.  I^glen.  IX,  239. 

redlnsham  and  Penfola  1914,  J.  Tly«lene  XlV.  242. 

Leasee  and  Dongl«r  1902.  Co.^,t.  rorxl .  Acad,  CXXXIV,  012. 

^.oTine  cited  by  Ay  ore  -ind  Rupp. 

'Aller  1'  96.  Z.  Tiycjiene  JOt,  246, 

"orthr^,        1911.  nleh.  Agrlc.  Bacrt.  Gta.  T.ch.  Bull.  9. 
f'J^ee  and  Jellyr.«„  190I,  j.  cher..  See.  ucxix,  306. 
laut  1091.  Aro  i.  ny^ione  Xin,  133. 
^enfold  1914.  j.  Tiygiene  Xiv,  216. 
•nnlngton  inoG.  j.  niol.  Chem.  IV.  353. 

mo,  r  ich.  Asrlc.   btpt.  :)ta.  Tech.  Bull.  5. 
1917]  'Tare  ^alLe-ilorobioi;^-''""^^-  ' 
Clark  and  Lube  1916.  J.  Dact.  Jll,  2^1. 

Ub  ^^^^  ^^^^^ 

1901.      ■        ■  j.VIj^ 

1900.  .  XXXVm.  294. 

i?J?*  T*  cix,  a. 

*'i7.  J,  Tlyciono  XVl,  100, 
7.,  0ilh-unc8ph,  V,  :j73, 
'*^'^^ot  10G4.  oltoi  by  Plaat, 


A/ 
1> 


V«n  nvn  l^ie.  Biochen,  Z.  WOCXVXI,  107. 

Var  ,  nD,  and  Cullen  1014.  J,  Biol.  Cheju.  XIX,  141. 

V  r      ,     ,  and  Z»e.  b  vrl      1914.  J,  Biol.  Cli«m.  XIX,  161. 

WJilt*  and  ATory  1910,  C.  ii-ifct.  II,  ZXV,  161. 


VTF.  V^lrcUifJ.  FHODUCT  0?  LACTIC  KCII)  TifSiiiV.l' 


A.  Lacfcio  Acid  aa  a  Chemical  Substane*. 

B.  3taJreochauical  Laetie  Aoid  Periaentatl 

C.  Aiaount  of  Laotle  Acid  Foraad. 


LACTIC  ACID  AS  A  CIOCMIGAL  SUB3TAI?C«, 

I.  nlatory  of  lactic  Acid, 

1»    JiMognition  of  lactic  aeld       a  distinct  acid. 

2«    Wature  and  oosqposition  of  lactie  aoid. 

3*    Distribution  and  oceurrenee  of  lactic  acid* 

II.  3ystffiiiatie  I*o»itlon  of  I^tio  Acid. 

1.  Ijaotic  acid,  at-liydroj^y  propionic  aoid. 

2.  Helation  of  lactic  acid  to  other  propane 

derivative*. 

3.  Tteaotions  of  a^nthesia  of  lactic  acid. 

a*  Genoral  nethods* 

b.  ■^'on-bioloc'ical  production  of 
lictic  acid  fro/a  lactic  acid 
feraentation  oub8tr:it«4. 

4*    flsaetions  of  deco;^qposition  of  l^uttie  aoid. 
III.  properties  of  l/octic  \cid. 

IV.  (Qualitative  i>et&!-  dnation  uf  Lactic  Aold. 

1.  ISxaMinatian;    pitysloal,  oiiettical  teota. 

2.  Davis's  net  od  for  separation  of  l/iotic  acid. 

3.  Teat J  upon  oxidation  producto. 
4«    Other  reaction  teste. 

B«    "ieroehmieal  detection  of  lactic  aOid. 


titmntitatlve  Deterainatlon  of  laotlc  Acid. 

1.  Aeidiaotrlc  methodc  in  absenoe  of 

ot^ier  acids. 

2.  MBthoda  itaed  in  analyaaa  of  fententa- 

tion  mlxCures . 

a,  Genesral  prelialnary  proc«dure. 
t,  Fala*s  aethod. 

Ill  Eaaia. 
.21  Procedure. 
3)  Value. 

o.  Parthell«3  distillation  nsthod. 

il)  Basis. 
3)  Procedure. 
3)  Value. 

•~.  Zinc  lactate  aetbod. 

1)  3asis. 

2)  Procedure. 
.*=.)  Valufl. 

e.  Deterciiiiation  of  lactic  acid  in 

the  presence  of  aucoinie  and 
other  "fixed"  aoide. 

f .  Indirect  detemtinationa  of  lao- 

tic  acid. 

g.  lectors  to  1)0  considered  in  the 

quantitative  detenain&tion  of 
lactic  Mid. 

3,    .Detersdnation  of  "free"  lactic  acid. 

a.  Conditions  of  exiatenoA  of  lac- 
tic acid. 

1>.  Kb thods  of  determining  tbe  amount 
of  "free"  lactic  acid. 

l)  Hydrcjen  electrode. 
21  Partition  coeffioiont. 
3}  Sleotroaetric  titration. 


ntoreoehsalata^  of  luetic  Acid. 
1.  History. 

2»  Diatlnctior.  between  active  and  raeailc  fo»:ts. 

a.  Hcquireaents  of  aetiwd  procodure. 

b.  Properties  of  tiie  lactate*: 

water  of  hydr-itlon. 
2nO  content, 
optical  character • 

c.  :anipulatlon. 

3.  Dietinetion  between  d«xtro  l-iMitio  aeld  and 
levo  laetie  aeid* 

a.  lYopcrtioii  of  the  aolda. 

b.  Prop«Pti88  of  t"io  lactates. 

c.  r^anlpulation. 

4.  'ie«olution  of  raceiiiic  lactiv  acid  into  ito 
two  optically  actlv*5  eoiipmento. 

a,  r;i»teutr««  raatawds  of  resolution. 

b»  l^ocr.cuilcal  aapar.itlon  or  r.ioolutioji  by 
orystalllsation  in  enantiofitorpltoue  foriis. 

e«  Hethod  of  foraation  of  derivlativeo 
witli  optically  active  nubatnnceo. 

d*  Biological  met'-.od  of  resolution* 

5.  3ft«salzation  or  tr:uiafarii.'*tion  of  active 
lactic  acid  a  to  the  raQexalc  fona. 


TFT?  P'^JTCTPAL  P-^DfCT  OP  L\CTJC  ACID  F  '^"'^TATIOTT, 


A.    lACtio  Aeld  as  h  Chcmiocd.  Substance. 


!•    History  of  Laotic  Acid. 

1.    aecognition  of  laotlo  aci-  as  a  distinct 
aoid. 


The  entnbliahsient  of  lactic  acid  f«riaentatio 
as  a  distinct  and  Jntlividual  fanaentT-tion  proceus  Wi3 
directly  dependent  upon  tho  recocnition  of  lactic  aoid 

a  distinct  acid.      Tii^  obvious  do;  enderce  of  tlie 
interpret  iti  ^n  of  lactic  icid  fer.  tent  itlon  upon  the 
cha!iic  '.l  interpret  .tion  of  its  princip;il  product  Is 
otriki'.Tgly  evident  in  the  ra*re  or  leos  pi^ir  illel 
developnantD  of  the  two  interpret  itlona.      TJje  iilotory 
of  lactic  acid  aloo  shows,  1  ovfover,   that  rony  valuable 
contri  iiutiona  to  chmlcal  devel  ^pmonts  are  likevriae 
fu  -nlahed  by  uicrol^iolucic  J.  invoatig  itions  In  relabed 
fields.      (These  relations  will  he  evident,  to  the 
reiMler  Ijy  a  oJaronoloGicU  conipariaon  of  tho  followinji 
par;^»r.\phs  on  tho  hioto;:-y  of  lactic  acid;     with  the 
hiotory  of  the  Intr^rpr^t^tion  of  lactic  acid  fenian- 
tatian  given  in  the  first  0:!;>.pter.) 

In  a  report  to  the  Otookholin  Aoa/iffsny  in 
1780,  3ohoelc  deacribed  the  properties  of  ?»n  aoid 
vMch  he  hnd  found  in  soxir  ailk.      This  acid  he  t«ra» 
ed  aciduiis  1  \ctia  or        \cticvuti.  { Kopp ) . 

The  Identity  *f  the  l.ictic  acid  repo-ted. 
by  Soheele  was  accepted  for  i  number  jf  yetrs.  How* 
ever,  it  «4  Soon  attacked  by  a  Qrovft  of  cheialsts 
who  •were  laborln.-  under  the  then  pfrovallins  ifiipresolon 
that  all  org-uiic  acids  ware  siiaply  roodifioatioro  of 
the  siiapler  acetic  acid  (an  iispreosion  vhich  was  a 
legacy  froc!  the  1 '.st  of  the  Phlogiatlo  school)  (Kopp}« 


Sche--le  h\d  observed  the  alrailarlty  of 
his  wiOmx  I  jctls  Lo  ;jicotlc   icid,  and  l  iter  to  aallc 
acid,  but  he  clnlneJ  the  oour    lilk  acid  to  lie  a 
distinct  8ut)Strinoe  by  reason  of  the  proparties  of 
its  calciiin  oilt. 

I/»Toisier  (1792)  denied  the  individuality 
of  lactic  acid  and  olaisied  it  to  be  r^iei'aly  "incoui- 
plete"  -icntic  aold.      Bouillon-]:.a3"ange^  (1804), 
and  5'oiireroy  and  Vaqueliir  (IfciOG)  I'eported  tlieir 
■beliefs  that  lactic  acid  ^^iis  merely  •masked*  acetic 
acid,   tlfo  true  propertiea  of  which  were  disguised 
by  !i  portion  of  extractive  natter  united  wiWi  it, 
and  by  the  aniline  corstituents  of  the  vhey* 

BerzeliuB  discovered  jjn  .^eid  in  nusole 
Juioas  (lOOC)  rmd  in  other  anL-a-il  liquids  (lul^), 
•;yhich  he  elaiiied  to  bo  the  1  to  Lie  acid  of  Uoheelc 
(ref.  Kopp),      i^or  -i  tine  he  w      an  r^ctivo  defender 
of  tiuj  identity  nf  lactic  -i-cid.      However,   a  few 
ye-iPB  I'ltsr,  T^erzeliuo  (1022)  Inclined  ta  the 
opinion  tiiat  1  iCtio  acid     js  probably  a  coijbinntlon 
of  noetic  acid  and  ^ali:.l.^l  i.T  Attor,       (ref.  i-opp  Old 
Henry),    (liarzeliuo  hinself  later  claijas  th  .t  he 
never  denied  tho  diffc^-cnco  betnar  on  the  two  'cida. 
(ref.  UxiQppe)).      In  1829,  Berzellus  rotiirned  to 
the  defence  )f  1  otic  acid  aif'  r'jnnounced( in  oppoai- 
tion  to  CJnelin)  tlvit  1  lotic  acid  WiS  a  ulotince  .ind 
individujil  »elJ. 

Braconnot  (1813),  workin~  at  T'ancy,  found 
that  a  certain  acid  vma  f*»:ad  In  femonted  vice, 
beet  juice  -jrid  airailar  aubot  mcea,      ITe  lielleved  t);ia 
to  be  a  diatince  aci  J    vnd  c  illod  It  "acide  n  utc^iqueS 
Probably  l  ij-eely  due  to  the,  »t  that  tine,  dl  uputed 
identity  of  lictlc  -icid  itself.  Vie  Joes  not  recognise 
fin  asreenont  between  his  "acj  ■.le  n  tnc^igm"  and  acheele 
laqtic  acid.      Tlio  sigresment  betw.on  ohe  two  acids 
v-va  s^wwn  by  Vogel  In  1G16. 

I'he  confused  statutj  of  lactic  aoid  as  a 

definite  aubst.tnce  is  eviJent  in  tlio  statcaents  en 

the  "socrillcd    lactic  acid*  and"modifi0d  ncetic  acids" 


^Theae  aherdnta  alao  j\- tacked  tlia  identity 
of  other  organic  acidn.      Bouillon-LaGr  nge,  togot:»«r 
with  Vogel  (1307),   cl  dEJ<d  that  nrilic  rind  gallic  acids 
were  -ilao  only  "modified*  acetic  acid;     i^ourcroy  and 
Vaquelin  laadc  the  a.'Aiao  claimg  rv^ainst  for»aic  acid  and 
Pyro tartaric  acids,  (ref.  Korp), 


which  ap^OHT  in  O.sralcal  t«t  books  (luring  the  first 
three  decade.;  of  tliat  century,  (e.  s,,  Henry  (1814, 
1B29);    mrrny  (1^19)). 

The  definite  eatabllahioent  of  l-iCtic  acid 
as  a  distinct  -irvi  individual  acid  waited  the  foUowlug 
better  controlled  studies  of  its  coa^oeltlon.  Liebig 
and  MltBcherlich  (1832)  and  Pelouze  and  Gay  Luaaao  (1833), 
by  careful  analyses  of  Its  salts,  definitely  prored 
the  identity  of  lactle  add.    (The  latter  authors  also 
confirmed  the  identity  of  lactic  acid  and  hraconnot's 
"aclde  nanc^ique",) 

2.    "  iture  and  cocipositlon  of  lactic  acid. 
Following  the  above  establishment  of  tht 
indlTlduality  of  lactic  acid,    seroral  controversies 
were  involved  in  the  establishment  of  its  coiaposition 
and  nature. 

A  nunber  of  iraportant  investigations  by 
Liebis,  Kngelhart,  Heinta,  ■7isclenius,  and  o  there, 
(fr«n  1847  to  10G3),  contributed  to  our  knowlodge  of 
the  corapoaitlon  and  nature  of  lactic  acid.  Their 
studies,  however,  nro  concerned  xaoet  directly  with 
the  stereooher.ilBtry  of  lactic  acid  and  are  reported 
later  in  this  section  of  the  present  chapter. 

Lieb!,:  had  deterained  the  corapoultlon  of 

laetic  acid  to  be  C3H6O3.      Several  ya.ite  Inter 

?Sn<jelhart  and  2iaddrel  studied  a  nuraber  of  salts  of 

lactic  acid  and  reported  that  it  vas  a  dibasic  acid, 

giving  acid  salts.      Oor^hart  also  rei^arded  lactic  acid 

as  a  dibasic  acid.      Under  the  influence  of  this 


I 


huliaf,  its  fm-tmlci  wao  doubled.      Itowever.  tida 

concaptloT)  of  the  co^poeitlon  of  l.ictlc  acid  mm 

aoon  revsr sed  toy  Strecker»a  ayn  thesis  arid  the 

older  foriauls  of  Liebig  wae  ryadopted. 

A  spirited  dispute  ov«rr  the  baalcitjr  tmd 

nature  of  lactic  acid  occurred  betw-jofj  1(358  and  IGGO 

{largely  conducted  between  wfirta  and  Kolbe). 

«^  1         ^S***?  (1858)  reported  hie  oellef  that  lactic 
tjcid  waa  dibaalc,  due  to  Ita  relation  to  ^-propylene 

«  ^^'^^^  (1059)  conoldQjred  It  to  be  a  monobasio 
aold.      By  analocy  wlL>i  oirJlar  rwlationa  in  case 
01  other  liydroxy  aclda,  he  believod  that  Liictic  acid 
Bhould  be  conoldoi-0d  arj  hi'droxy  propionic  acia. 
(Ulrich's  report  of  the.  reduction  of  1  ictlc  ricid  to 
propionic  acid  offered  furtloer  evidence  In  support  of 
thia  contention  of  Kolbe.) 

Wurta  In  1B60  introduced  ,-v  cert  in  dia- 
tinotion  botvreen  atomicity  jind  bislcity,  and  culled 
lactJc  acid  a  dlatordc,  .'lonobaoic  acid.  (This 
oonceptjon  uiemly  indie  ited  th.it  one  of  the  two 
typical  Ijydroeen  atois  waa  laore  b  uilc  t}ian  tho  other- 
anU  even  thin  w  .n  no^  expreur<eJ  in  WUrta*  tvriC'ja 
fomula.  below.) 

ffiadenlua  (18G0)  reconciled  the  vlewa 
of  ?'olba.  and  of  ^ta  by  au,-  reating  that  both  alcohol 
and  acid  proj>ertie8  were  peaaeaaed  l>y  and  witJiin 
the  lactic  acid  Bolecule,      Theae  relatlona  on  the 
nature  of  lactic  acid,  however,  wore  much  more 
clearly  '^xpreaaed  by  Kekule  who  alwwed  tfiat  l;>xjtic 
aold  _lg  both  an  alcohol  and  an  acid. 

The  foraulae  filvan  below  are  su^aative 
of  tho  above  diaputea  over  tii«  boaici  iy  and  n  »tura 


»f  lactic  acid.  The  "type"  fonnultf  notation  per- 
ai8t«d  in  t  ie  cn£c  of  lactic  acid,  as  for  Atiier 


of  Couper's  ▼lews  vas  net  applied  until  boom  tints 
aftar  their  proposal,  as  ia  evident  fron  the  uUrave 
controrer!^  or«r  the  baaicity  of  1  Lctic  aeid  (vhieh 
IColbe  and  !T^ts  began  oven  after  the  adranoemerit 
of  Kekule*8  (1858)  and  of  Couper*B  (la&B)  viem). 

t9&rts*s  toF&altx     Kelbe^s  fori3ul%  TTiscleniua* 


positl.)n  fornulH  far  1  .ctio  acid,  ita  relation  as 
hydroxy  propionic  acid,  and  Ite  nature  both  aa  nn 
-leid  rand  alaofiol.      Ijiter  the  work  of  rarlenmoyer 
(18G6)  and  FT  nklantl  (1GG7)  led  to  the  adoption  of 
the  modern  method  of  notation  luid  ita  application 
to  the  present  etructur.JL  foriaula  of  lictlc  acid* 


S«    Metrlbution  and  •ccurrence  of  l^ictlc  .icid. 
Lactic  acid  ^rn.i  reported  present  in  aour 


nillc  by  Schoele  (1780);     Ir  nuocle  and  other  aninal 
juioea,  by  Beraelius  (1807,  ICIS);     in  feruonted 
rice  rind  sjiailpx  ^mbct  neon  i.y  Lracconn)t  (1613); 
in  boot  JuiooB,  etc.,  by  Pelouze  md  Gay  Lub8:ic 
(1633);     in  Gastric  juicf,  by  Sernard  ;\nd  i^arreawil; 
in  em  yolk,  by  Gobley;     in  beer,  by  7  ickenroder  (1K4C), 


eonpounde.      The  true  significance  of  K^ale*B  vnA 


Tliese  controToraidS  eotabliuhed  the  con- 


Durlng  the  erirly  hletory  ol  tho  study  of 
1  ctic   icld,  rt"iteJ*i.!l  foi-  inveoti,-;ntion  wuo  couctonly 


»bt  lined  by  efemiete  fr»a  the  fei-mentation  of  su^/ars 
(even  before  the  definite  eotablioliiienfc  of  1  ,cUc 
acid  fersientafclan  as  a  diotinctive  f er. lentalion 
process) . 

liactic  acid  has  later  been  reported  |>rt^aent 
in  barley,  com  and  potatoes,  ('(/indiach,  lain};  it 
haa  been  found  to  be  a  coumn  constituent  of  tluj 
julcea  and  cxtracto  of  «ary  pi  snts  (references  cited 
by  ^laber;  iann)  .      2t  is  now  conoiUered  &r  a  norii  il 
conatituent  of  wine  (Bal  ird,  lOU),  of  aol-^s^co 
(GcliSne  ind  Tollens.  1900),  and  of  o^>iiffl  (3iaitt). 

At  the  ja>eeent  tiine  Itkctie  .-*cid  is  rticogniaed 

as  ocoia'rlng  in  -yrKl  entering  Into  a  Tory  large  number 

of  important  Jigrlciolturiil  prooeaaee* 


II.    Systciaatio  3'oa3tion.of  lActic  Acid. 

1.  Lactic  acid,  a«liydroxy  propionic  icid. 

Lactic  acid  is  an  hydroxyl  wibstitution 
product  of  proT'ionlc  acid;    its  oystematic  ncii,;o,  ■'• 
j^^lyrdroxy  T.ropionic  acid,  with  tho  coaroaition  fomula 


With  propionic  aold  tto«ir«  are  two 
oftrton  RroupB  in  which  the  OH  group  could  be 
substituted ,  as  seen  in  the  fenaula 

CH3-CHJJ-COOH. 
(2)  (1) 

The  OH  group  could  be  substituted  either  in  car- 
bon group  (1)  or  (2);  these  substltutiona  would 
result  in  the  formation  of  the  following  OH  aoids: 

CHj-CHOH-COOH  (l) 

CHgOtt-CHg-COOH  (2) 

These  aoids  are  naacd  systeaatically,  according 
to  the  reletiTe  position  of  the  COOH  group  to  the 
oarbon  group  in  which  the  OH  substitution  took 
plnoe ,  9r^hyAroxy  propionic  or  B- hydroxy  pro- 
pionic acid.    That  these  two  aeiSaT  are  csheaically 
different  has  been  oonolusiTely  proven  by  the  re- 
actions by  which  each  Is  sjmthesizod,  by  the  pro- 
ducts they  yield  on  oxidation,  and  by  other  reac- 
tions, such  as  the  failure  of  hydraerylic  acid  to 
give  any  trace  of  lactide  upon  heating. 

It  is  with  the  first  of  these  hydroxy 
propionic  acids  that  we  are  oonceimed.  that  is, 
with  jt- hydroxy  propionic  acid,  or  ethvlidene 
lactic  acid.    Lactic  acid  fermentation  alwayss- 
yields  this  acid  and  not  the  3-^o«l^oxy  propionic 
or,  as  comiaonly  termed,  the  hydraerylic  or  ethy- 
lene lactic  Qoid,»» 


**  The  use  of  the  term  "ethylene  lactic  acid"  in 
referring  to  B-hydroxy  propionic  or  hydmcrylie 
acid  is  in  disrepute,    aysteioatic  organic  chemists 
Justly  cooiplain  that  this  substance  is  not  a  lac- 
tlo  acid  at  all. 


2.    Relation  of  laotle  aoid  to  otber  biol- 
ogieally  laportant  propane  derlva- 
tirea. 


TActie  aoid  is     hydroxy  propionic  aoid. 
It  is.  therefore,  cloaely  related  to  other  propane 
deriratlTes.    Its  struotural  relation  to  some  of 
its  ehenical  relatives  is  sliown  by  the  following 
formulae. 


CH3 

C«8 

CH2 

CH2 

CO 

CO 

CHgOH 

CH3 

CBO 

Propane     Propyl  aleohol    Acetone    Uathyl  glyoxal* 

or 

Pyrxwic-  aldehyde 


CHOH 
COOH  • 

lAOtlC 

Aeld 


CHgOH 

cnoH 

CHgOlI 

Glycerol 


CH2OH 
CHOH 

CHO 

Glycerine 
aldehyde* 


CH2OH 
CO 

CHgOH 
Dioxyaoetone* 


COOH 
Aiaaln* 

0 

ciijnig 

COOH 

Phenyl 
alanine 


CH2OH 
CH  •KH2 
COOH 
3ereine 


OH 


CH.lnr2 
COOH 
Tyrosine 


CH2  .SH 

CH^2 
COOH 
Cysteine 


^0 


CH5 

CH.SH 

COOH 

a-Thiol&otic 
acid 


CH.HH2 
COOH 
Tryptophane 


Indol  group 


*  Proposed  Intemediate  suhataaees  in  lactic  aoid 
fermentation. 


Many  of  these  substances  assuae  int- 
portanoe  in  physiological  prooesses.'  Of  these 
the  moat  Important  are:    lactic  acid,  acetone, 
glycerol,  glyceric  aldehyde,  dioxyacetone.  al- 
anine, serelne,  cysteine,  tyrosine,  and  tryp- 
tophane . 

3.    Reactions  of  synthesis  of  lactic  acid.  * 

Lactic  aoid  is  a  monohydroxy  acid .  All 
of  these  acids  aay  he  considered  as  OH  substitution 
products  of  acids,  or  as  deriratives  of  alcohols, 
in  which  one  of  the  hydrogen  atoms  has  been  replaced 
by  a  COOH  group.    They  contain  both  the  CHOH  alcohol 
group  and  the  COOH  acid  group.    The  methods  used  in 
the  syntheses  of  these  acids  Are     applications  of 
this  view  of  their  structure.    lEbllowing  are  inqwrt- 

of  at- hfdraicf  acids   as  a f  p''»V  sy-BtK^tii* 

ant  methods  of  synthesls^of  lactic  acid.  •* 

*  Lactic  acid  is  not  prepared  eoonsr- 
cially  by  any  of  these  reactions  of  synthesis,  but 
by  lactic  acid  fermentation  of  sugars.    For  details 
of  its  comae roial  preparation,  see  the  following 
references: 

Claflin,  J.,     See.  Cheni.  Ind..  1897. 
XVI    51 € . 

Shafer,  'chem!  Zeit.,  1907.  VI,  177,  189. 
MoLauchlan,    Int.  Congress  Appl.  Chem., 
1909.  Section  IVa.  I,  141. 

**  Vote  that  some  of  these  reactions,  too, 
are  induced  by  catalysts. 


Aotion  of  HgO  oiKyhalogen  substituted  sicids. 
CHjCHBrCOOH  +  HOH  -»  CH3CHDHCOOH  +  HBr 


Action  of  HNOg  oiyc«amino  acids. 

CH3CH»H2^00H  ♦  ~*  CE^CHOHCOOH  +  N2  ♦  ^gO 

Limited  oxidation  of  a  polyatomic  alcohol. 
CHjCHOHCHgOH  +20  -♦-CH5CHOHCOOH 
(oxidation  with  platinum  black) 

^rdro lysis  addition  products  of  aldehydes 
and  ketones  with  HON. 

CH  .CHO  +  HCN  +  HoO  CH-,CH0BC00H 

Reduction  of  compounds  which  contain  both 
a  COOH  and  a  CO  group. 

CHjCO.COOH  •»>  2  H  CHgCHDHCOOH 

(Pyroracemic 
aoid) 

Ifore  pertinent,  howeyer,  are  the  purely 

ohemioal  means  by  which  it  may  be  forrasd  from 

those  saiae  substances  from  which  it  Is  derived 

in  lactic  acid  fermentation.    The  formation  of 

lactic  aoid  by  action  of  alkalis  upon  sugars  has 

been  reported  by  a  number  of  InTeetlgators . 

Nenokl  and  Sieber  report  formation  of 
lactic  acid  from  dextrose  with  only  0.3  ^  KOH. 
Killani  reported  formation  of  lactic  acid  by 
action  of  alkalis  octfurs  more  readily  in  absence 


itJ^A  Of  o?f<*lain«  •ubstanoeB.    Vat  also  ob- 
oerred  alkali  splitting  of  dextrose,  with  ?oma- 
"^^^  Blyoxal*  as  an  intenaediate  sub- 
^f"?^''^  and  aelsenhalaer  obserrod  Si.lit- 
^J'*'®        ®^  fopaation  of  laol 

lie  acid    at  room  teaporature,  in  diffuse  davliaht 
and  eren  in  tlie  dark.    Although  the  reaction  is 
Blow    after  eleven  months  all  of  the  dextrose  was 

JjS^f  tw^  »»i.e„hSiJ^"at?; 
found  that  galactose  also  yielded  laotic  acid  by 
action  of  alkalis,  although  iess  amounts  were 
rormed  than  in  the  case  of  gluoose . 


Streoker  proved  that  laotlo  aoid  oan 
b«  fonasd  from  the  amino  acid,  alanine  (CHgCHHHgCooH) , 
by  slaple  deamidization  and  oxidation. 


mr>x^  *      »  Conpare  "Interaediate  Products"  in 
"Chamioal  Changes  Involved  in  Lactic  Acid  Penoen- 
tation".  p- 


^  It  is  a  coamon  laboratory  observation 

that  sugar  media,  especially  dextrose  broths 
tend  to  become  more  acid  if  left  standing  for 
some  time.    Very  possibly  this  is  due  to  a  sia- 
liar  reaction  of  slow  velocity  upon  the  sugar 
resulting  in  formation  of  small  aaounts  of  lactic 
aoid  • 


4.  Reactions  of  decomposition  of  laotic  acid. 

The  most  important  reactions  of  deoom- 
poaition  of  lactic  acid  are  the  following: 

Heated  at  140**,  the  anhydride  is  formed.* 
2  CgHeOg^CgH^QO^  +  HgO 


Lactic  aoid,  evaporated  at  ordinary  tem- 
peratures, in  dry  air,  forms  lactic  anhydride  and 
lactide  in  proportions  varying  with  time  of  deaic- 


cation.  (Davis) . 


atilization 
laotide 


Heated  at  temperatures  above  140®,  rol- 


tmd  aplitting  into  H2O.  COg.  C^CHO  and 


HBated  with  dilute  E^SO^  et  130°  ♦» 
CaHgO^  5i  CH3CHD+  HCOOH 

Heated  with  oonoentrated  H^SO^  *• 
^a^gPS  ~*  CH3CHO  ♦  1^0  +  CO 

Heated  with  alkalis,  laotie  acid  ylelia 
nembere  of  the  acetic  series  and  also  higher  un- 
saturated acids.  (Hoppe-Seyler( 1873),   Raper(1905) . 

Distilled  Kuth  excess  o?  CiiO 

C3H5O3     C0H5OH  ♦  2  COo  - 

Laatla  acid  is  oxidised  by  HgOg  to  C^dOOH 

Lactic  acid  is  oxidised  by  laolds  to  final 
oxids^tion  products, 

Digested  with  nitrophenylhydraz ine  at  37°,  lactic 
acid  is  converted  to  raethylglyoxain'(Dalcin  and  Dudley)  . 


Compare  "Indirect  l«[ethods  of  Determina- 
tion of  Lactic  Acid". 


Compare  "Bneriy  Transformation". 


#  Compare  "Trioses  as  intermediate  substances" 
(u^der  "Chemical  Changes"). 


IZZ.    Properties  of  Laotio  Acid. 


In  a  completely  pure  state,  laetic 
aoid  is  a  ezystalline  solid  posQessinf?;  specific 
Brevity  1.23  (  25**  C.J^and  nelting  point  18°. 
Howerer,  it  is  alaost  alvays  obtained 

.  u3  •3*  t  ■  as  a  colorless  or  slightly 
yellow  syrup.* 

It  is  a  monobasio  acid  as  it  possess- 
es but  one  COOH  growp.    Its  dissociation  eon- 
stant  after  Ostwald  is  0.000138,  IXicbaelis, 
0.000135;  according  to  other  investigators, 
this  is  too  low  a  value. 

Lactic  acid  is  soluble  or  mlsclble 
in  all  proportions  in  water,  alcohol,  glycerol, 

fOav.s) 

and  ether.    Its  solubility  in  the  lust  named 
solvent  furnishes  the  basis  of  its  extraction 
from  many  of  its  agrl cultural  sources.  When 
extracted  froa  HoO  by  ether  (in  absence  of  in- 
terfering substances)  its  distribution  coeffic- 


»  C  oimaeroial  lactic  acid  is  usually 
sold  in  this  coimtry  in  ths  foif^  of  a  aolution 
with  an  acidity  representing  2S;v  lactic  ucid. 
A  50J?  solution  is  n»re  conmon  in  ??nglaud  ?,nd 
in  Geraany.    The  lactic  acid  of  the  British 
and  U.  3,  rhar^-copoela  has  specific  gravity 
of  :ibout  l.Sl  and  a>jould  contain  75^  lactic 
Bcifl.     It  also  contains  ;jbout  8,'  lactic  anhy- 
dride. (Davi8Cl913,   1917),  fflolinarl( 191») , 
Martin  (1918)). 

Very  pure  lactic  acid  may  be  obtained  by 
extracting  the  crude  product  with  aiiiyl  alcoliOl 
(Jffhi  ch  the  uaual  impurities,   -  sugar,  gum,  mineral 
suDstances  -  are  insoluble)  and  distilling  in  vacuo. 
( Mo  1  i  nar  i ) 


(Van  SIyI<-«  ■>  Bahr'l 

lent  is  0.08  at  usual  tempera ture^.»*  Laotlo 
acid  1b  slightly  soluble  in  ohloroform,  and  in- 
soluble in  carbon  dlsulpMde  and  petroleiun 
spirit.  CDav) 

The  aoid  fonas  lactates  with  bases. 
The  most  important  of  these  are  the  Ca,  Zn,  and 
Li  salts,  all  of  which  are  hydra ted.    The  Zn 
•alts  of  active  and  raoemio  lactic  aoid  possess 
definitely  different  anounts  of  water  of  hydra- 
tion, and  consequently  yield  different  amoimts 
of  ZnO  upon  ignition. 

All  the  metallic  lactates  are  more 
or  less  soluble  in  water,  but  usually  dissolve 
only  sparingly  in  the  cold.    All  are  insoluble 
in  ether.    Davis  gives  detailed  properties  of 
the  ealoittm,  ferrous,  lead,  zinc,  and  magnes- 
ium lactatesa 

**  See''(iuantitative  Determination  of 
Lactic  Acid"  for  influence  of  this  low  coeffic- 
ient upon  methods  for  quantitative  separation 
of  lactic  acid. 


IV.    Quail tatire  Determination  of 
Lactic  Acid. 

«iualltetive  detenaiaationa  of  lactic 
acid  ai«  laade  by  oharactepiatlo  Peaotlona  baaed 
on  its  oUeniioal  pelationships ;  by  iaolation  of 
the  lactic  acid  either  aa  the  acid  or  as  a  salt, 
and  a  subsequent  exatainatlon  of  Its  plyslcal  and 
cheiaieal  properties;  by  a  eoioblnation  of  these 
aetlmda;  or  by  Indirect  Essthods, 

1.    Ejcaniaation;  phyoical,  ohsntie&l  teats. 
The  methods  of  loo le ting  lactic  acid 
both  in  &  form  of  tljfc  acid  and  as  lactates  will 
be  given  In  tho  dleouaslon  of  quantitative  deter- 
Ejlnatlon.    The  lactates  are  usually  obtained  and 
examined  for  their  water  of  crystallization,  loss 
of  weight  upon  ignition,  and  occasionally  for 
tteltln^r  points.    Certain  of  the  lactates  laoy  al- 
so be  recognised  by  their  form  of  crystalllna 
structure . 

2.    Separation  of  lactic  acid. 

Dfevis  gives  the  following  procedures 
for  seperction  of  lactic  self?  froia  raixturea  of 
other  acid a: 

Frou  organic  aoido  fcn^nf  insolutle 
lead  salts,  Ly  prfccipitutiag  with  neutral  lead 
acetate,  either  with  or  without  addition  of 


alcohol.*    The  solutle  lead  lactate  may  be  de- 
ooiaposed  to  lactic  acid  ty  addition  of  HgS. 

lAotlo  acid  may  be  separated  from  acids 
Whose  Ba  salts  are  Insoluble  in  alcohol  by  sat- 
urating the  acid  mixture  with  BaCO,,  evaporatinK 
and  treating  the  residue  with  alcohol.    The  sol-* 
uble  barium  lactate  nay  be  decomposed  to  free  lac- 
tic acid  by  cautious  treatment  with  dilute  H  So^ 
and  filtration.  2  * 

The  raceraio  form  of  lactic  acid  may 
be  separated  as  zinc  lactate  from  acids  wMoh 
would  still  remain  after  renoTal  of  those  harlng 
alcohol  insoluble  barium  salts:    Saturate  the 
acid  mixture  with  ZnO;  eyaporate  to  dryness  and 
digest  the  residue  with  alcohol.    The  zinc  lac- 
tate is  insoluble  and  could  be  separated  by  fil- 
tration.   This  method  cannot  be  used  for  actiye 
lactic  acid  as  that  zinc  salt  is  soluble  in  alco- 
hol.    (Bavis  gives  an  approximate  quantitative 
method  based  on  above,  for  estimation  of  inactive 
lactic  acid.) 


3.    Tests  upon  oxidation  products. 

A  nva&er  of  loethods  for  detection  of 
laetic  aoid  are  based  on  the  recognition  of 
acetaldehyde  as  an  oxidation  product  of  lactic 
acid.    The  specificity  of  many  of  them  are  con- 
ditioned by  presence  or  absence  of  other  sub- 
stances, and  a  choice  of  method  depends  upon 
the  system  under  examination  for  presence  of 
lactic  acid . 


In  Windisch*  method  the  lactic  acid 
Is  oxidized  by  chromic  acid;  oxidation  product 
(aoetaldehyde)  is  distilled  into  warm  Hessler's 


?»i  if?"*    ^,*l<*ei33r<l«  Is  recognized  by  yellow- 
ish red  precipitate  or  yellowish  opalescence  T.ro- 
duoed  upon  addition  of  lead  salts.    Thio  test  nav 
be  used  in  presence  of  forale,  acetic,  propionic 
butyric,  jaleric.  succinic,  aalic.  citric  and  tar- 
taric acid  o;  but  it  requlrpa  nbsonce  of  alco]jol 
aimonia.  and  sugar.  v.o.^x. 

Crone r  and  OPontotia'a  aethod  is  based  ^ 
on  the  eonreraion  of  acetaldeiqrde  into  iodoform 
and  the  subsequent  conversion  of  the  iodofora  in- r '"'"^'^'^^^ 
to  phenyl  isonltrlle,  very  siaall  cniounta  of  whioW 
can  be  recognised  by  its  odor.    This  test  is  val-J^ 
uless  in  presence  of  other  siibstenceB  capable  of  / 
giving  rise  to  iodofora  under  the  conditions  of  / 

t  n<*   T.  A  ti  ^  . 


; 


the  test. 

„    ^  Herzog  propones  the  following  method: 

Neutralise  the  solution  with  Ag^Co,;  concentrate 
by  boiling  to  precipitate  the  sllvSr  salt.  Heat 
the  precipitated  salt  in  e  test  tube  containing 
alcoholic  solution  of  iodine;  pass  reaction  pro- 
duct (pcetaldehyde  and  COg)  into  a  second  test 
tube,  with  a  trace  of  water.    The  presence  of 
the  aldehyde  is  proven  if,  uix>n  addition  of  a 
little  sodium  nitroprusside  and  plperidin^  a 
blue  color  appears,  which,  upon  addition  of  a 
trace  of  HaOH,  turns  violet,  then  blue,  and  fin- 
ally yellow;  the  aldehyde  aiay  also  be  proven  by 
guaiaeol  or  with  codein.    Caapek  advises  proof 
of  the  aldehyde  by  use  of  strips  of  filter  paner 
soaked  first  in  10,"$  sodium  nitroprusside  and  then 
in  a  5%  solution  of  piperaaln;  this  gives  a  blue 
violet  color  which  can  be  confused  only  with  pro- 
plonaldehyde . 

Dcnlges  test  depends  upon  oxidation  of 
lactic  acid  to  aoetaldehyde  by  heating  with  H  30a 
and  subsequent  recognition  of  that  substance:^ 
0.2  e.c,  of  a  solution  of  lactic  acid  (up  to  2%) 
is  heated  with  2  c.c.  of  concentrated  H23O4  at 
100°  for  two  minutes;  cooled;  a  drop  of  alcoholic 
solution  of  guaiaool  should  give  a  rose  red  color, 
or  orange  red  with  codeine . 

Tho^'  test  for  lactic  add  in  gastric 
extracts  is  also  based  on  oxidation  of  lactic 
acid:  add  a  few  drops  of         chromic  acid  to  the 
gastric  extract;  heat  on  a  rater  bath.    A  reddish 
brown  color  is  given  by  traces  of  lactic  aoid. 


(Insert  p,  ) 


VoumfiSoB*  aothod  is  ba:ied  upon  the 
criTiTersion  of  l  ictlc  acid  into  iodoforts  by  Iodine 
-■snd  KOH;     t3ie  iodoform  upon  iddition  of  iiet:"<yl  u-iine 
is  converted  into  the  isonltrile  ccwa^  ound,  TE?ry 
Sfsall  ano'onts  of  which  can  be  detoctc5d  hy  its  odos* 
Ooner  and  CronhGin*s  method  is  ©1.  lilar  to  tliiit  of 
VoturnasoB.      Aniline  is  uddieC  in  tjie  place  of 
raethylrvnine;     if  iodofoni  ia  praaent,  phenyl 
Isonitrila  io  forjaed.      Theae  teuta,  of  course, 
are  vJilueless  in  the  proaonco  of  other  au  stances 
capablG  of  t^ivinc  rise  to  iodofora  under  the 
conditions  of  the  test. 


The  teat  is  said  to  be  Indifferent  to  l)utyrlc, 
acetic,  and  hydrochloric  acids,  and  to  ae«ten* 
or  alcohol. 


4.    Other  reaction  tests. 

in  Uffelmn's  test  for  lactic  acid  the 
aiMthyst  blue  color  of  the  reagent  ia  changed  to 
a  canary  yellow  in  the  presence  of  0.01^  lactic 
add.    It  13  not  a  specif ie  test:  otliar  organic 
acids  and  C0H5OH  giTe  similar  reaVtlonT'''Thls 
test  seeaa  to  be  little  .itoro  thmi  a  ooioriiaetric 
deteralnation  of  (H*);  strong  acids  discharge  the 
color  entirely;   "the  color  of  tlie  reagent  is  weak- 
ened in  the  presence  of  an  aoid  reaction ''^i*°"'''lt 
may  bfe  used  in  preaencu  of  phenol  and  salicylic 
acid.    It  is  used  in  examination  of  stomach  con- 
tenta  for  lactic  acid;  scTeral  investigators  used 
it  to  test  for  ooaplote  extraction  in  quantitative 
analysis  of  lactic  acid. 

The  following  procedure  is  used  in  Hop- 
kins* thiophene  reaction  for  the  detection  of  lac- 
tic acid:    Place  about  5  o.c.  of  concentrated 
HgSO.  In  a  teat  tube  and  add  1  drop  of  r  satura.- 
ted  iolution  of  CU3O4  (which  serves  as  a  catalyst). 
Ifttroduce  a  few  drops  of  the  solution  under  exaio- 
ination;  shake  the  tube  well;  lamerae  it  in  boil- 
ing water  for  one  or  two  minutes.    Reoiove  the  tube, 
cool  under  running  water,  add  2-3  drops  of  dilute 
alcoholic  solution  of  thiophene  (C.H^S),  replace 
the  tube  In  boiling  water.    Rapid  formation  of 
bright  cherry  red  color  denotes  lactic  acid;  ths 
color  may  be  made  more  peroanent  by  oooling  as 
•oon  as  oolor  ia  produced. 

This  teat  is  said  to  be  more  specific 
than  Uffelman's. 

The  following  yttrium  lactate  test  has 
been  used  by  several  Oernaan  inveetlgators:  Sxtraot 
the  acidified  solution;  evaporate  the  ether  extract. 
Keutraliae  with  HH-OH  and  add  a  little  yttrium  salt 
solution.    The  yttriiiro  lactate  precipitated  is  higl>> 
ly  eharaoteriatlc  —  "strong  doubly  refracting 
Ulkrosphaerlte". 


5.    Microscopic  tests. 


The  following  raicroaoopic  tests  are  of 
value  in  the  detection  of  small  amounts  of  lactio 
acid.     (They  are  also  probably  more  specific  than 
the  ones  given  above.) 

Indirect  method  :(^S=*"-ens) 

Acidify  solution  with  Ho30. (dilute ) • 
heat  at  130^  n.    The  lactic  acid  iriplit  into 
CH3CHO  and  HCOOH.    Both  of  these  reaction  productt 
may  then  be  proven  by  Tnicro8Cor>io  analysis    bv  aeo- 
arate  tests.  j      <    y  -"ir 

This  Taethod  requires  the  presence  of  5 
mg.  of  lactic  acid. 

Cobalt  lactate  method:  f^ei^rens) 

Addition  of  cobalt  nitrttte  to  concen- 
trated solutions  of  pota33ium  or  calcium  lactate 
causes  the  formation  of  clusters  of  fine  reddish 
needles  of  cobalt  lactate  (after  several  minutes). 
Addition  of  cobalt  acetate  to  solutions  of  free 
lactio  acid  gives  the  samfc  result. 

Crystalli7;ation  in  dilute  solutions 
requires  evaporation  in  the  air  or  in  a  deSKca-- 
tor. 

Beside  the  needles,  there  are  also 
formed  slender  prisras  v/ith  ri;:ht  n-nd  oblloue 
angled  terminal  faces.     Their  length,   (up*to  200 
microns),  and  their  color  render  theia  mora  easily 
recognised  than  the  small  zinc  laotnte  crystals. 

This  test  requires  fairly  concentrated 
solutions;  crystallization  is  hindered  by  the 
presence  of  malic  and  butyric  acids  and  other 
impurities . 

This  method  is  In  general  favor.  It 
was  used  by  Herr.og  In  proof  of  lactic  acid  forma- 
tion by  his  zynuise  . 


Cobalt- lead- lactate  method:  f Be kv^v,^) 

Barium  and  lead  hasten  the  formation  of 
crystals  in  lactic  acid  solutions  treated  with  co- 
balt acetate. 


V  4.         ,  barium  acetate,  similarlv  crou-oed 

but  thicker  crystals  are  obtained  than  by^fKse 
of  cobalt  acetate  alone .  ^ 

«-r.i--a    -1  i*f<*^acetate  produces  thin,  almost  col- 

oSune^^elliSif       °J  ^'^^^'^'^  ^"  clu8?ers. 

a^^^l        «^^^P*ical:  form;  generally  straight  six- 

^J?ntpr*if  "'icona).  with  thrfe  sSi?p. 

projections:  terminal  angle  of  six- 
sided  platelets;  900.    Polarization;  weak  negativJ 
fading  out  or  effaced  toward  the  longitudinal  ^il! ' 

 3^^*  reaction  also,  other  acids  must 

be  reraoTed  as  far  as  possible. 

acetate;  concentrate  the  solution 
as  far  as  possible,  if  it  remains  clear.  Finally 
?  °^  acetate;  this  causes  the 

forraation  of  the  ellipticfil  platelets  of  the  double 

S  3.  J.  u  • 


Zinc  lactate  method :(Behrens) 

1  *  ^  crystals  are  prepared  as  in  the  cobalt 
lactate  method.  Occasionally  the  use  of  alcohol 
is  of  service  in  bringing  about  crystallization, 
out  it  13  not  usually  necessary. 

2flno  lactate  forms  small  colorless  prisms 
and  needles  (20-50  microns).    These  crystals  stand 
out  in  such  poor  relief  from  the  surrounding  liquid 
that  oftentimes  polarized  light  is  required  for  their 
recognition.    This,  ^nd  the  slow  crystallization 
which  is  greatly  hindered  by  the  presence  of  impur- 
ities, make  this  method  of  microscopic  proof  of  lac- 
tic acid  less  advantageous  than  those  of  the  cobalt 
oorapounds . 

Partheil  used  this  method,  as  follows: 
Cdnvert  lactic  acid  inte  barium  lactate;  traftsform 
this  to  zinc  lactate  by  addition  of  a  calculated 
amount  of  zinc  sulphate.    Filter  and  examine  micro- 
scopically the  crystals  after  the  concentration  of 
the  filtrate. 


Centra': 


■  c-Qcheraical  iaetr.ods,  »e» 'CbBa. 


V.    (jMontltatlTe  Determination  of 
Laotlc  Aeld . 

In  quantitative  detenainations  of 
l«otlo  acid,  the  general  princlplee  of  analyt- 
ical chemistry  are  applied  to  the  chemical  and 
physical  properties  of  lactic  acid  itself  and  of 
the  system  In  which  it  exists. 

1.    Acldiraetric  methods  —  in  absence 
of  other  acids. 

Ift  caaea  where  no  other  acid  is  present, 
lactic  acid  may  be  determined  by  sinple  acidimet- 
ric  methods.    Lactic  acid  is  a  monobaaio  acid, 
"^SHgOj.  and  the  amount  of  lactic  acid  equivalent 
to  the  titration  reading  would  be  determined  by 
the  mass  relationship  between  NaOH  or  KOH  and 
laetie  acid,    in  the  media  of  agricultural  lac- 
tic acid  fermentations  such  deterrainatlons  are 
open  to  the  usual  errors  introduced  by  the  pres- 
ence of  other  substances,  etc.    The  complete 
absence  of  other  acids  than  lactic  acid  oust 
be  assured. 

2.    Ifethoda  used  in  fermentation  mixtures. 
The  quantitative  analysis  of  lactic 
acid  is  seldom  so  sinq?le,  as  the  media  of  most 
lactic  acid  feiTaentations  a«  very  complex  and 
other  acids  are  usually  present  in  at  least 
small  amounts.    In  some  of  these  analyses,  the 


laotio  acid  is  iaolated  as  the  acid  or  l&ctat* 
ty  extraotion,  distillttion  or  precipitation; 
in  other  procedures,  the  other  acids  are  first 
rei;ji>ved  by  distillation.    In  oaae  tftie  lactic 
acid  is  to  be  isolated,  it  aast  be  reaa^red 
tliat  the  total  amount  of  lacUo  acid  probably 
ia  not  present  as  free  lactic  acid,  enpecially 
w>ien  neutrulljslng  subatances  are  present  in 
the  ■edlun.    To  free  it  from  its  coabinetions, 
it  is  necessary  to  inta-odiwe  u  relatively  strong 
acid  (HgSO^  usually,  eoiaBtiiaea  H3PO4). 


Choice  of  Method  of  preparation  of 
mixtures  for  enalyois,  no  well  as  cJioic©  of 
aethod  of  final  analysis  is  dependent  Ui>on  the 
system  under  exGiiinp.tloc .    A  discusEiim  of  fac- 
tors to  be  considered  will  be  given  after  the 
presentation  of  the  oethods  pro^iosed , 


Palm's  natliod: 

In  1883  Palm  found  that  a  definite 
chemical  oosipound,  basic  lead  lactate  (3  PbO. 
*  •^g^^s).        Toraed  by  addin/?  an  excess  of  al- 
eohSlio  ajBBonia  to  a  solution  of  lactic  acid  and 
basic  load  acetate.    Later,  he  proposed  a  i^uan- 
tltative  method  based  upon  the  insolubilitv  of 
this  substance  in  alcohol.    This  method  is' known 
as  the  "Pal'a  basic  lead  l'*otBte  iiethnd'', 

I'rocedure:-  Acidify  with  H^So^;  ex- 
tract with  ether;  aT«i)orote  the  extract  to  a 
sirupy  consiHtenoy;  trent  v.-ith  writer,  J'llter; 
add  lead  acetate;  fli.ter  from  any  preclijitDte, 
end  then  rdd  v.n  excess  of  the  ecetate.  Intro- 
duce alcoholic  NH^OH.    I«ad  lactate  is  thus 
freed  from  other    subatanoeo.    Filter;  wash 
the  precipitate  in  alcohol.    Ignite  the  pre- 
cipitate, and  determine  as  FbO.     (S  I'bC:  3  :"bO, 
2  CgHgO.^  «  76.5) 

Van  Slylce  and  Bosworth  used  this 
method  in  analyses  of  lactic  acid  content  of 
cheese.    They  found  it  not  altogether  satisfac- 


tory.  but  considered  It  the  aoat  efficient  method 

ielaed  it  as  not  giving  quantitatlre  results  and 
in  «o8t  recent  investigations  it  has  beJn  slipJS^t- 
ed  by  one  of  the  following  nethods.  «uPPA«nt- 

Parthfiil«8  Mthod: 

in  1903  Parthell  proposed  a  oetfaod 
based  upon  vaporisation  of  lactic  acid  with 
superheated  steam  at  high  temperatures. 

4    ^?f«^«":-  10  o.c.  of  liquid  are 
placed  In  a  distilling  flask  connected  to  eon- 

Into  ?>,»^4!^.?^f  ^^"^  superheated  steam 

«?  t if,*?^i^"®  ^^^"^I  collect  300-400  0.0? 
of  the  distillate.    Boil  the  distillate  with 

«^i«TJi^  "^,^2304.    This  gives  data  for  the 
calculation  of  *th?  lactic  acid. 

This  method  is  sin^ple  and  direct  but 
i^?^"  *S         following  criticism.    SuzSki  and 
although  the  lactic  acid  can  Se 
is  ♦  decomposition,  the  distillation 

;i«  J^^o*?-,^  unless  a  large  amount 

»LJ?h/  ^"  collected    750  coT  recom- 

mended);  low  temperatures  (below  130°)  likewise 
give  low  results.    They  also  found  it  impossible 
to  make  a  quantitative  separation  of  laotlo  acid 

ffL^'J^f'  if^''^?"  ^'^^^  hence  t"s  S?h. 

od  is  inapplicable  to  analyaia  of  many  agricultur- 
al lactic  acid  fermentation  media,  due  to  the 

of  malic,  succinic,  oxalic,  and  similar 
*«cea"  acids, 

Zlne  lactate  method: 

The  "Zinc  Lactate  Method"  proposed  by 
Buchner  and  Tieisenhelmer  is  based  upon  the  isola- 
tion and  preparation  of  the  sine  salt  of  lactic 
acid  and  the  direct  weighing  of  the  prepared  lac- 
tate . 

The  procedure  Involves  the  complete 
ether  extraction  of  the  acidified  material  with 
ether,  evaporation  of  the  ether,  and  orecipita- 
tion  of  zinc  lactate  by  the  aid  of  ZnCOa.  After 


1^  '^"'^  lact*t«  i8  weighed  direct- 
ly and  the  laetio  acid  ealetilatad.    Slight  mXrf 
aficationa  of  thie  ..ethod  hSJe  heen  pJJgierJ; 

^SLl^r^^^^^^r-*    '^I'f^'^inR  in  detaiia  as  to 
extraction  period,  precipitation.  cryatalliBatlon 
drying  of  crystal.,  etc/  Ray  and  S^JriaeS  t^S  * 
following  manipulation:  k  « 

,     Heduoe  to  aaall  Tolurae;  extrnct  with 
ettar  for  72  hours.    Eraporate  off  the  ether- 
dilute  with  water.    Boil  with  an  excess  of  Bi(OH)a. 

bSS*^^  T.T^ii.''''  "^"-^  ^2304:  filter  off  the 
.  ^4*  ^^dd  Zn304,  avoiding  an  excess.  Again 
reaoTe  the  Ba304         evaporate  to  small  rolume 
on  a  watar  bath.    As  soon  aa  zinc  crystals  are 
indicated    place  the  solution  at  a  constant  teia- 
(450  c).    Filter  the  orystals^ou^a 
*  amall  Tolune  of  water,  and  dry 
at  1000  c.    Suhject  combined  wash  water  ^d  ootter 
liquor  to  a  second  and  third  oryatalllsatlon:  treat 
crystals  as  before.    Add  weights  of  tha  three  crops 
"l  ^"'^  *^         represents  the  total  weliriit 

of  anhydrous  zinc  lactate  in  the  sample,  from  which 
the  lactic  acid  content  may  be  calculated. 

Fred  and  his  associates  claim  that,  due 
to  the  difficulty  of  preparing  and  removing  all 
the  ^ino  salt  from  solution,  the  sine  lactate 
method  tends  to  give  low  results  of  lactic  acid. 

Bowaver.  the  sine  lactate  method  has 
many  advantages;  it  possesses  the  accuracy  of 
direct  gravimetric  analyses;  as  a  ohee^,  the 
weighed  anhydrous  lactates  may  be  recrystalliaed 
and  examined  for  water  of  oiystallisation,  or 
Ignited  for  «lnc  oxide;  it  furnishes  material 


»  Prlngstoslm,  1910,  Abd.  Hdb.  d.  Blooh. 
Ifsth..  Berlin.  II.  29. 

Kruse ,  311 . 
Currle 

Hersog  and  Jlorth. 

Harden  (55b)  precipitates  by  mans 

of  CaCOj,  converting  lactic  acid  into  calcium  lac- 
tate. 


by  Which  optical  properties  of  the  lactic  «cld  m 
the  .ample  my  be  determined.    Thi,  n«thod  la  „ow 
ueed  by  «,at  Inreetlgatora  in  the  d.termlr^tlon  of 
lactic  «cld  content  of  agricultural  lactic  acid 
fenaentatlon  aedia. 

Although  lactic  add  production  by  tla- 
mmm  ie  outalde  the  ecopfi  of  this  paper.  «olf»8 
method  for  quantitative  estlaation  of  lactic  acid 
in  blood  and  tlseuee*  le  reported  belo),.  aa  it  ie 
probably  adaptable  to  the  analyi,  of  many  lactic 
acid  fertnentatl on  madia: 

Precipitate  proteins  by  3chenck«3  re- 
SI^*^  W'cury  as  sulphide  and  the  l^fi^„  a^L- 
A,     ^  ^  Claiaen  flask  at  as  low  oresaure 

ml*  delirer  waohings  on  second  paper,  \mila 

'«ih,.t         ""'t  "'^  ^"'i  extractld^apidiy 

ooxhlet  extractor.    After  three  or  four  hourn  ^^^« 
connect  the  flask  and  r.dd  100  c,c!  of ^aS?  JJf" 
•  thar     Distillation  of  the  ethe^i^fy^^^JLuo 
acid  in  aqueous  solution.    Cool  and  filter/ 

■I-  J       ^  Treat  the  filtrate  with  an  excess  of 
lead  carbonate  at  100°  C..    Cool  and  filter  Ht. 
more  lead  from  the  filtrate  as  sulnhide  thT 
Sf^i^.r^^^^''^       aeration.    Tl«„  ^Jearthc^il- 
llt^C^^tltlrTrr  It  '^"^'^  carbonate  a?" 

eSarv^SnV-  lil  lLl^^  alnc  carbonate  and 

iHtoS!  f^^^^t^  to  dryness.    WelRh  the  zinc 

attempt  Is  made  to  reyiew  the  ex- 
?ilt4i^'*ff*y'*.'*"  »thod8  for  determination 
Ifctic  acid  in  blood  and  tissues.    A  review 

?rniwf"'*'*^^  ^"  found  in  the 

following  rofer«?noea; 

111??!"'®'  }f}l*  245-254,  1170-1172. 

Saftjden      1912,    'ildbuch.  d.  Sioch."  V,  1255. 

Yoehlkawa.  1913.  Zeit.  f.  Physiol'.  Chea.. 

IXSXVII,  302. 


Although  volatile  aolda  «y  be  renoTed* 
fro^  .amplee  being  analyzed  for  laotlo  acid  con- 
tent, the  aoparation  of  lactic  acid  froa  the  -fixed- 
acida  is  acre  difficult.    Succinic  acid  occurc  with 
lactic  acid  in  many  agricultural  producta.    Por  the 
analyais  of  theee  Biixturee  eeveral  ^thods  are  pro- 
poeed.  ffloet  of  them  baeed  upon  the  relative  wlu- 
DUlty  of  different  lactates  and  euccinatea. 

on*rrfo!9?°'?iei.^'?««^^-  ciai«:'\L"r'trg'!v^ 

llidB  fTt^'\yllli\  separated  these  two 

od      n£de«??^^?>.^J       application  of  tMa^th. 
nfana^^rSe^cSe'J^  S.':'^^  -^^^^ 

•sM»+v,«H  ^  J^^^*         ^"i^P  propose  the  followinK 

these  acids  in  a  mixture  of  the  two.    It  la  an 

JlS'?^«t°?  °^  soluMntiea  o?  Sl- 

clua  lactate  and  succinate  in  90t  alcohol  Pro- 
cedure;. 3xpel  volatile  acids;  flltirihe  reS^- 

iSnir^t?'^'  "^^*f?H^^  concentrutTir 
JthS  Acidify  with  and  extract  with 

oRMtJ  ^"^^       ^  continuous  extracting  ap- 

^.rfn^V  "^^^       ^^^'^  two  hours  the 

residue  from  ether  extract  with  100  c.orof  water 

.*^f.^°^""°=^  through  an  aluiiinum 

W>,  aJf?f'.^''°^*®  '^^  succinate  are.  of  couraS 
both  still  in  solution.    Deteraine  as  oxalatrti 

f  ?^  ^li<l«ot.    This  represents  Se 

S^S  ?^  calolun  lactate  and  auccinate!  thS 
data  the  conbined  lactic  aoid  and  auccluic  acid 
nay  be  calculated.    Then  evaporate  the  renuinlng 

<  ^*e^er,  -Jir^.  g.for  source  of 

danger  in  the  reiaoval  of  volatile  acids. 


I 


150  c.c.  to  dryness;  dlseolve  the  residue  in  10 
e.c.  of  liot  water.     vVhen  cool,  add  90  c.c.  of 
absolute  alcohol;  let  the  mixture  stand  two  hours, 
shaking  it  occasionally.    Filter;  wash  the  precip-^ 
itate  with  90%  alcohol.    Free  the  filtrate  from  the 
alcohol  hy  evaporation.    Determine  the  calciuia  of 
the  lactat*  as  oxalate,  and  calculate  the  lactic 
acid.     (If  the  content  of  luetic  acid  only  is  de- 
sired, the  determination  of  the  comtined  lactate 
and  succinate  may  te  omitted.) 

In  a  recent  investigation,  Pred  and  aeaoo- 
iates  determined  lactic  acid  by  converting  it  into 
its  hariuni  salt,  which  is  then  converted  into  bar- 
ium sulphate.    The  sulphate  is  determined graviiaet- 
rically,  from  which  the  amount  of  lactic  acid  may 
be  calculated.    They  obtained  larger  values  of  lac- 
tic acid  with  this  method  than  with  the  2inc  lactate 
method.     This  method  is  also  adapted  to  analyses  of 
taixtures  of  lactic  acid  and  succinic  acid. 


Indirect  methods  of  quantitative  deteamlnation 
of  lactic  acid. 

Besides  these  gravimetric  and  aeidimetrio 

direct  methods  of  determination  of  lactic  acid, 

many  indirect  methods  have  been  employed.  Itost 

of  these  involve  oxidation  reactions  and  the 

gravimetric  or  volumetric  determination  of  the 

oxiciation  product. 


Dobriner  proposed  a  metliod  by  which 
lactic  acid  is  oxidized  to  oxalic  acid;  this 
oxidation  product  may  then  be  determined  by  any 
of  several  procedures. 

The  determination  of  aoetaldehyde ,  an- 

0  ther  oxidation  prodijyg  t  q;^,1acJ^c  ,ap^d^^  ,iS,3e  ba^ 
sis  of  several  quantitative Tmethods „    These  meth- 
ods differ  principally  in  the  procedure  employed 
in  the  determination  of  the  aldehyde.    Davis  points 
out  that  the  difficulty  of  regulating  the  conditions 
determining  a  quantitative  oxidation  of  lactic  acid 
to  aoetaldehyde  makes  these  methods  less  accurate 
than  the  direct  zinc  lactate  method. 


Partheil  has  Tiroposad  a  gasoastrlo 
raathod  for  deter»ination  of  lactic  acid  in  a 
aixture  of  Tolatile  aclda  from  the  distillation 
of  wine.    It  is  based  upon  the  fonaation  of  Co 
upon  heating  lactic  acid  with  concentrated  sul- 
phuric acid.    A3  DaTia  suggests,  the  accuracy  of 
this  method  is  questionable  as  Bistrzychi  and 

report  that  the  reaction, (CH^CHOH.COOH 
--»CH-CHO  +  H  0  +  CO),  yields  only  80-85rof  the 
tbeeretioal  Jtmount  of  CO.    Other  substances  yield- 
ing CO  laust  be  absent  or  the  test  is  ralueless. 

Factors  to  be  considered  in  the  mcanfital^Ve 
determination  of  lactic  acid. 

7l»  quantitative  determination  of  lactic 
acid  in  the  mixed  systems  of  lactic  acid  femsnta- 
tlon  Is  beset  with  difficulties  which  enter  into 
nany  of  the  steps  inrolTsd  in  these  analyses.  Wolf 
careful  and  critical  study  of  conditions  goTerning 
the  Tarlous  steps  involved  in  the  determination 
of  lactic  acid  in  muscle  tissue  fumi8}i^nuoh  of 
value,  which  should  be  incorporated  la  a  study  of 
determination  of  lactic  acid  in  fermentation  sys- 
tems.   His  work  Involved  a  study  of  the  following 
factors  and  individual  steps:  quantitative  method 
for  ultimate  analysis  of  pure  lactic  acid;  be- 
havior of  solutions  of  lactic  acid  on  evaporation; 
extraction  of  lactic  add  from  aqueous  solution; 
removal  of  proteins  from  solutions  containing 
lactic  acid. 


For  ultimate  analysis  of  pure  lactic 
acid  he  advises  the  sine  lactate  method.    He  found 
that  "given  a  pure  solution  of  lactic  acid  in  water, 
the  acid  may  be  quantitatively  estimated  by  digest- 
ing with  an  excess  of  zinc  carbonate."    His  results 


with  oxidation  aathode  were  lesa  satiafaotory, 
and  he  concludes  that  the  zinc  salt  asthod  is 
amoh  better. 

The  eTaporation  of  lactic  acid  ia  a 
8tep  required  in  many  procedure a.    It  ia  well 
known  th&t  evaporation  of  lactic  acid  nniat  never 
take  place  in  alkaline  ayateas.    Wolf  found  alao 
that  it  is  "xmdesirable  to  concentrate  solutions 
of  lactic  acid  in  open  dishes  on  the  water  bath", 
and  that  it  seened  "that  all  concentrations  of 
lactic  acid  should  take  place  at  as  low  a  teiz^r- 
ature  as  possible,  in  a  racuua." 

The  extraction  of  lactic  acid  from  the 
system  ia  one  of  the  most  Important  factors  to  be 
considered,  aa  all  deterainatlona  by  methods  in- 
TolTlng  this  prooeaa  are  conditioned  by  the  com- 
pleteness of  the  ether  extraction.    Due  to  the 
low  coefficient  of  partition,  "repeated  extraction 
of  the  aqueous  solution  with  large  quantities  of 
ether  must  be  employed  if  renoval  of  the  acid  is 
to  be  in  any  sense  oom^ilcte."    Wolf  found  that 
this  could  be  conveniently  and  quantitatively 
acooiapllshed  by  use  of  Adams*  paper. 

Wolf  believes  removal  of  proteins  be- 
fore extraction  of  lactic  aoid  is  necessary,  and 
that  this  is  best  aocomplished  by  use  of  Schenok's 
reagent. 

In  some  methods  of  preparing  the  fer> 
mentation  mixture  for  analysis,  the  system  is 
freed  from  volatile  acids  by  distillation  with 
steam.    It  has  been  shown  that  lactic  acid  is 
slightly  volatile  in  steam,  but  authorities  dif- 
fer as  to  the  degree  of  volatility.    Jensen,  Box 
and  Hedig,  Waelde,  and  others,  report  that  sig- 
nificant amounts  of  lactic  aoid  pass  over  in 
steam  distillates.    Hart  and  Willaoan  report 
that  lactic  acid  is  but  slightly  volatile  in 
steam  at  100°.    They  claim  that  the  amount  pass- 
ing over  in  distillation  of  silage  ia  inslgnifi- 
oant,  being  equivalent  to  not  over  3-4  c.c.  n/lO 
HaOH  in  4  liters  of  distillate.    The  importance 
of  the  volatility  of  lactic  aoid  is  evident  if 
preliminary  procedures  involve  steps  which  nay 
result  in  loss  of  lactic  aoid;  its  importance 
extends  also  to  volatile  acid  determinations  in 
systems  containing  relatively  snail  amounts  of 
volatile  acids  in  preaenoe  of  large  amounts  of 
lactic  aoid.      (Partheil  (19C2)  fiirnishes  a  review 
of  the  earlier  conflicting  reports  on  the 
volatility  of  lactic  acid.) 


^  (1913)  al3o  aade  a  report  0/  « 

Jjtwl  r«!i  lactic  aoia.      Ki»  concluBiona 

rather  leo«  convincinc  than  tho8«  of  Wolf.  Ballet 
believed  the  principal  difficulties  to  bo  onooJnt^r«d 

t-^  1  L^-i      f^*    (5)         ulU::iate  deter.:a nation  of 
t.^  la«tiq  :.cid.      He  advised  (1)  the  use  of  l-atein- 

?h«^Ltr-^'?f         r^"^**'"  prooli,itatlanj  (2) 
eyrup  upon  a  water  balh,  oollecting  it  into  paper 

'      iV  ultiruite  aiialyaio^  he 

?cTl  Tn^**"  oxidation  nethod:     convoralon  of  tha  laotie 

4^^^  alkaline  silver  oolutionj     t}.e  amount  o 
silver.      ihile  ^lellet  claiijs  thio  ..loUmd  tu  le  vorv 
S'eTfiJ^i  Si^.'*'*  cli*tor..inatlons  by  the  Zinc  a  "tl  Sve 
L  v^«i.  ^   i";"'^  aut  oritlea  (quoted  above). 

vio*e  easily  controlled  md  generully  i«jre 
^iccurate  tlian  any  of  the  pro}M>8od  indirect  uothodo. 


3,    Determination  of  "free"  laotlc  acid.  » 


Tbe  following  three  aethods  have  been 
used  by  Van  Slykk  and  Baker  to  determine  the 
amount  of  free  laotie  aoid  in  milk  whioh  has 
undergone  laotie  acid  fermentation . 

The  laotie  aoid  in  a  amdixxa  of  laoUo 
acid  fermentation  exlsta  in  three  for«e,  as  free 
laotlo  aoid,  unionised  and  ionised  portions,  and 
as  coBblned  lactic  acid  or  lactate.    Tl»  propor- 
tionate concentration  of  eaeh  of  these  ferns  will 
be  changing  during  laotlc  acid  fermentation,  but, 
at  any  tioe,  in  aeeordanoe  with  the  la«  of  mass 
action,  definite  quantitatiTe  relations  will  ex- 
ist between  the  amount  of  free  but  undissoolated 
laotlc  acid,  dissociated  or  ionised  lactic  acid 
and  of  cozgbined  laotie  aoid. 


*  It  haa  been  asntioned  that  lactic  acid 
■ay  be  present  in  the  media  of  lactic  acid  fenaan- 
tation,  not  only  as  free  lactic  aoid  but  also  in 
coobined  fojrraa  as  lactates.    The  determination 
of  the  amount  of  free  lactic  acid  present  in  tbs 
ooraplex  liquids  of  lactic  aoid  fementation  is 
very  difficult  and  any  method  is  liable  to  error. 
Since  knowledpte  of  the  presence  of  free  lactic 
acid  is  important  in  many  inTeetigationa,  a  brief 
statement  of  methods  of  its  determination  is 
given. 


In  thl»  equation. 


a  =•  (H*)  or  ionlaad  lac- 

tic  acid, 
o  «•  total  aaount  of  lae* 

tic  acid. 
X  «  tinionlz«d  or  oolooular 

laetio  aoid. 
kt-  a  constant,  varying  with 

tJie  terai»e  ra  ture . 


•  leaents  aJfJSj^JV^  detopalnation  of  the  equation 

*  -  dete'ained^by^hqrdpogen  electrode 

b  —  found  by  corrected  titration. 
Kt—  determined  to  be  a  conatant  0.00025 
in  aour  milk. 

The  aaount  of  free  laotia  AfiA  <.  ^. 


X  a  ab 


*<.*^4v  aeoond  method  la  based  uwn  the 

ether  and  water.    This  method  gives  rellabirr? 
P^es':n?"'JtT'^r  ««-r^olubi:'a:i'd\."" 
l^l  t^h  V*  f""}"*  1«  cul turns  of  lac- 

tic a«ld  bacteria  producing  aoetic  aoid. 

^  .    "nieir  "doxible  electroaetric  titration" 
niethod  involves  determinations  of  the  (H^  of 
the  acdlua  after  ..ddition  of  aeasured  i^rtions 
of  lactic  aoid  and  hydrochloric  acid  r4spectlve- 
iL'^  ^f*"f®         anounts  of  lactic  acid  and  of 
^ffn^^^'J^  required  to  bring  the 

medium  to  the  saae  (H+).    The  difference  in  the 

required  is  caused  by 
the  difference  in  the  ionization  of  the  two  acids. 
Since  the  hydroclilorlc  acid  is  practically  all 
;2  lactic  acid  but  slightly  ioni««d. 

the  difference  in  the  amounts  of  the  two  acids 
that  are  required  to  produce  the  sans  (H*)  in  two 
separate  portions  may  be  taken  as  a  measure  of  the 
amount  of  free  lactic  acid  in  such  media  at  that 


will  Bhow  tS^inHf  li.e^L?li 

thl.  particular  ^luS  «?Sir^*i^S^!''  ^''^^^"^ 

ami.  if  carefully  corrfcrolSd  wSl^^f!!^  *°  "^"^ 
in  mror  othor  asrlcultural  pSd^,  ^^'^ 


VI.    StereocheEdstpy  of  Lactic  Acid 


4.»  Histary. 

v.*  .    ^         ^^"^  early  d;iy,  luetic  acid  hdtl  been 
oDlalnea  rpsia  two  ;;eriei'  JL  oources:    ft»««  «ftur  milk 
and  fermented  suijar  soiutionc,  and  from,  oiasolc 
extracts.      The  conp-jrativa  study  of  the  lactic 
acid  from  theae  aeuycea  (uaually  terued  at  this 
time  •foTMentation"  aral  "flesh-  l  ectio  acids)  led 
to  the  develapraent  of  the  stereoche;alotry  of  lactic 
acid  {  md  also  pi  lyed  fin  iiaport^nt  r?^le  in  the 
development  of  the  very  fundriraentala  of  stereo- 
cloeMiatry  itself). 

In  1847,  xieblg  iaade  a  oouparative  study 

of  the  lactic  acids  obtained  tram  cntaole  tiaaue  and 

ft-oBi  sour  Milk.     Altho*  he  olM»«rT«d  a  difference 

in  the  water  content  of  the  alnc  and  ealciuiu  salts 

of  the  two  acids,  l.lebig  believed  that  these 

differences  might  be  due  to  the  laethod  T?y  wMoh  he 

hatl  prepared  his  cryatals.     As  i%  resiat  of  hia 

study,  he  announced  t}iat  the  two  acidn  were 

IsrolMkbly  Identicnl. 

LleblK  apparently  did  not  believe  his 

results  were  conclusive,  and  turned  over  tlie  reuaind«r 

of  ©se  lactic  acid  be  had  obtained  from  floah,  to 

'ncleJiart  who  made  a  further  study  of  tho  two  acids. 

He  (1640)  found  Wiat  the  questioned  differences  in 

the  RgO  of  crystallisation  of  the  s-ilts  of  the  two 

acids,  were  absolute  and  constant  oliaraotero.  In 

addition,  Tfnglehart  found  that  the  salts  foraed  by 


the  two  acids  difiored  %n  eoiubility  in  wattw  ana 
in  aleohol,  in  foyaatlon  of  o-yatau,  and  in  Oiuroa 
of  deJydration.     Ke  believed  that  theoe  differen««« 
precluded  the  possibility  of  tbm  t»o  acida  being 
identic.^  and  t«r;.ed  the  lactle  acid  f>ota  fleah, 
t»«        acid,  aand  the  laetie  acid  fro*,  sa-ara,  the 
"b"  acid, 

".i^lehart,  however,  i.i£jde  the  of 
mtgrpretins  the  differencos  between  the-  t,  a  -.uids 
ao  d*e  to  the  fact  that  the  lactic  acid  fru.;  flesh* 
or  tue  "a"  acid  t?aa  monabaaic,  and  tiie  l  ^otic  .eld 
tposi  fernonted  susaro  or  the  "b"  acid  waa  dibasic. 
(It  arill  be  roneirvuered  tliat  'Jm-lehart  and  iiaddHoll 
had  rerorted  juat  a  yanr  before,  tliat  eie  l^ajtic 
acid  ubtained  In  the  fer;;ientation  of  suerose  was 
dlbtslc  and  capable  of  foraiizTc  !'cid  snlts.) 

HelntE  {184e)  followed  with  a  report  in 

which  he  corroborated  the  diffea-ences  in  the  H20 

content  of  the  silto  of  t  e  two  lactic  acids.  He 

•also  eorrseted  '^jelhart'e  aae4Siq>tion  of  dif  ierencea 

in  basloitgr  of  the  two  aclde.      The  term  •paraiaUcii- 

s.-iwe"  for  the  l^tie  acid  fJrora  flssh  waa  introduced 

by  Helnts. 

These  etudies  of  Liebie,  '^ngelhart  imd 
Hsddrell  had  succeeded  in  orovlrvi:  tJmt  the  Itujtic 
acid  obtained  trma  tiuscle  juice,  and  that  (often) 
obtxined  in  the  f cr- -entation  of  sufaro,  were  not 
Idflnticfa,      Tlie  explanation  of  thia  phenoi.ionon  uid 
not  cone  until  about  tiventy-fiwe  ye.irs  l;iter  »  a 
poriod  durln/;  Widcn  i^jgry  othor  questions  on  tlie 
n.?.ture  of  lactic  acid  were  settled.      (See  "History 
of  lActio  \cld«.)      iXirini;  t.'ds  period  It  w  a 
generally  rccognlaod  that  there  wore  cert  un 
differences  betareen  the  lactic  fields  obt  dneU  froa 
feriaented  sugars  and  fron  jaiocle  extraeto.  These 


two  acids  wep«  uaiuaiy  teri.)sd  t:n«n,  as  •aapco" 
»neah»  or  "pjipa"  lactic  acid,  and  » ferraentatimi" 
Irictic  acid;     In  the  later  p.u«t  of  tide  -ariod 
{after  tlwir  ♦ptSora  SnveBtifintion)  aliJO,  an  "active" 
and  "iimc lajctic  acids. 

Tho  first  wfcceesBful  a'  ja'oach  to  ;ai  expl  .ina» 
tiar;  ol"  ths  i>}ionois«>na«  of  the  ocxiiilenoe  oi"  t  .o 
i8on€a*Jc  Inctle  acids  is  Jue  to    'iecleniue,      Jie  iiad 
rarv'*  sevf^ral  noteworthy  cjnti-llxitionB  to  tie  ioiowledg© 
of  t^ie  1  ictie  sclds  and  of  ly^drtvcrylic  acid,  in  the 
period  sjcntloned  in  t'  e  precedin;-  t  ar-i^aph.  Asaong 
et  ler  valuable  stopu  in  tho  developuent,  it  iiad  been 
shown  that  of  the  two  lactic  acids  only  the  om  fp  .a 
EaisolB  iKtract  waa  optic.^ly  active. 

In  1673,  Wiscleniuo  OAfl-ofully  poviewa  his 

own  ■sork         thjit  of  othero,  eoitq>upini2  ti«  p=ropertie« 

of  the   ictive  and  inactive  aoido,  timir  reactions 

and  thuir  salts.       fter  an  analysis  of  ftbe  possible 

differences  between  tho  two    forms,  ho  decides  that 

their  structural  identity  and  dlasizidlar  propertiss 

could  be  OJiq>lained  only  by  assuoint;  a  different 

arranf^e.ient  of  the  s'teas  in  i^aos. 

In  oux^port  of  his  contention  tJvat  the 
acids  TSfore  atructurally  identic  1  but  georaotrloally 
Isoxaerie,  he  presents  tlse  following: 

"Ihre  grofjoe  Aehnliclvkalt,  ja  auseeuehnte 
Gleichai'tif^oit  in  alien  c'neniochon  <:ige)i>80haf ten, 
der  lelc"'te  Tr©be?-,^ar!g  der  orsteren  in  die  letseren 
be!  elnfaclie  Krwfltrrien  unl  ihre  Vorsehiedenhcit 
vorwiegend  in  optiacher  Eesiehuri^c  slml  von  dies«a 
B^don  ruis  gXeicSx  crklirbar." 


♦Van't  Hoff  ad«it«  that  this  idea  of  Wlsclenlus 
en  the  isemerlam  of  -^lesh"'  an^^^^Sctlc  acid, 
suggested  to  him  the  reflections  leading  to  his 
theory  of  the  asyaraetric  oarbon  aton. 

Aeeordlng  to  this  theory  (which  was 
itself  suggested  by  phenonena  associated  with 
lactic  add  feraentatlon)  lactic  acid  or 
a-hydroxy  propionic  acid,  due  to  its  possession 
of  an  asynraetrie  carton  atom,  aay  appear  in 
three  forms:  dextro- rotary  fora  or  dextro  lactic 
acid,  lero- rotary  form  or  lero  lactic  acid,  and 
inaetire  or  racemlo  fom,  which  is  cooposed  of 
equal  araounts  of  the  two  aotire  fonas.    All  of 
these  forms  appear  in  lactic  acid  feraentatlon. 

2.    Sistlhotlon  between  actire  and  raoeaio 
lactic  acid. 

Tl»  distinction  between  actiye  and  ra- 
eendc  lactic  acid  naturally  consists  in  deter- 
mining whether  or  not  the  acid  is  optically  ao- 
tire.*   HowsTer,  the  detemlnation  of  the  kind 
of  lactic  acid  present  in  lOBdia  of  lactic  acid 
fermentation  cannot  be  made  aerely  by  a  deter- 


*  DaTls  reports  the  following  reaction 
test:-    raoemic  lactic  acid  yields  a  deep  blue 
liquid  on  addition  of  cuprlc  sulohate,  while 
aotlTe  lactic  acid  is  almost  completely  precip- 
itated by  that  reagent.  ^  y 


J 


alnatlon  of  the  optical  charaoter.  of  the  «ediu«. 
The  presence  of  other  optically  actire  eufcatancee. 
the  relatively  wealc  epecifie  rotation  of  active 
lactic  acida.  and  the  low  concentration  of  lactic 
aold  in  the  «dia  of  n«Bt  lactic  acid  fermentation. 
iBpoee  the  eapioyaent  of  other  procediiree. 

The  lactic  acid  ouet  first  be  isolated 
fron  the  medium,  usually  by  extraction  (aee  "Metb- 
ods  of  .iuantitatire  Deterraination.-) .  Solutions 
of  lactic  acid,  hnwerer,  are  not  well  adapted  to 
deterrainatlons  of  optical  activity  because  of  the 
low  value  of  (a)^,.    zi„c  „r  lithiua  salt,  of  the 
lactic  acid  are  usually  prepared  by  one  of  the 
nethoda  given. 

The  lactates  of  Inactive  and  racemie 
lactic  acida  posseaa  definite  physical  chemical 
propertiea  which  are  of  advantage  in  detenaining 
the  stereochemical  configuration  of  the  aold 
from  which  they  are  derived.    The  lactates  of 
active  lactic  acid  exhibit  higher  specific 
rotatory  powers  than  do  the  active  forma  of  the 
acid  Itself.    Hence,  a  determination  of  optical 
chfjractera  of  a  solution  of  carefully  prepared 
zinc  or  lithium  lactates  fumishea  a  better  means 
of  determining  whether  the  active  or  rseemlc  form 
of  lactic  acid  la  present. 


♦V-     I      0*^*"  properties  of  the  lactates  lend 
themselTes  to  such  analyeea:    water  of  hydration- 
oxide  content  (and  Bolubllity) .    The  properties  if 
the  sine  salt  of  the  two  forao  follow- 


Composition  fenmila 
1*1  ter  of  hsrdration 
Zinc  oxide  content 
Solubility 


Raoeaio  Fom 
of 

Laotio  Acid 

(C3H503)2Zn.3H20 

18.17  % 

27.37  % 

53  parts  water 
Insoluble  In 
aloohol 


AotlT*  Pern 

of 

Laotio  Aeld 

{G^HqOj,).^,  2H2O 

12.9  % 

29.0  % 

17.S  parts  water 
1100  parts  aloohol 


A    *  lactates  aay  be  obtained  by 

the  aethod  given  and  examined  for  the  acid  trim 
Which  derived:    detenaination  of  water  of  hydra- 
tion by  deaslcation.  and  of  «ine  oxide  content 

'^"^  optical  determinations 
M  I  ohJSk  determinations  should  be  taade 

.ths.     Scrupulous  n»nlpulfttion  is  required  to 
avoids following  sources  of  error:    the  presence  of 
laotio  anhydride  or  other  optically  active  sub- 
stances; indecisive  point  of  complete  dehydration 
?  impurity  of  the  lactates,  (especially  evi- 
dent in  the  case  of  active  zinc  lactateTp^ss  of 
water  upon  drying  of  crystals  at  roora  tenperature. 
(before  dehydration) in liiedeterTnlnation  of  water  of 
hydration.    The  greater  solubility  of  active  zinc 
lactate  raa.y  introduce  error  even  before  the  final 
exarainntion  of  the  form  of  the  lactate  prepared. 
Because  of  its  greater  solubility,  this  form  nay 
be  completely  lost  in  the  mother  liquor  durimt 
the  repeated  crystallisations  for  purification.* 


»4»  J,  arror  would  occur  in  mixtures 

?L    "5.      laotic  acid  and  an  excess  of  one  of 
ths  active  forms.    By  this  error,  media  contain- 
ing a  small  aaount  of  one  of  the  active  forms 
would  appear  to  oontain  only  the  raoemic  form. 


Th«  Inst  mmmA  merm  la  4  ftortieiawly 

S^p•lrt nnt  on®,  i^  it  Atttfars  mo  eax^ly  in  iho  «aialjrale« 

its  entrnno*  into  analyaeo  1«  pMitaMy  l«RS«lar 

re«r9R«l^^o  'oi*  t>«  «Mrly  14m  that  raswai*  latotl* 

t»i&  wsoi  Vae  9fiky  tvns  frodnMd  in  Iwstie  aoid 

<wiiiai^fcatjior)>    (  A  bolief  illicit  i«  refleeiod  In  Ike 

use  »f  tho  t«BK3  *f«raontati»n*  laatic  neid  for  tho  in* 

30ti7«  or  dl*laeti8  aeld.} 

S«    Blsiinetion  t>«taeen  dextro  Ir^tic  -j&cld 
l«vo  lactic  »ei«l* 

After  proof  tbat  the  Is^tio  aoiU  ia  not 

taw  rs»o»JJlc  fon\  it  Ig  naovaariry  to  detonoine 

^«m)«r  it  la        dextPo  or  I«yo  forrn^     Th»  si^ecific 

rotritlon  of  the  aoids  t!-fl3i8«lT««  is  oocntaratlvcly 

lav  and  the  distinoilon  l)«tire»n  tho  two  form  !•  nado 

bgr  «»:aMfnation  of  ttie  rotatory  oharaot«r  of  th« 

laetatea,     Tho  I uetiitfts  rat-ite  polarlzot?  Xlijht  In 

tho  oproolto  direction  fJPwa  tfwir  acids* 

nopp«  3«Qrler  -vnd  'vivo  Ir-vooticatod 

th©  rotatory  power*  of  dlffccor>t  1  ictatoo  ir.u 
tI>«»Jr  rosulto  ar<i  still  acc3?  t«>d.      TlHiy  f  jund 
tl^t  ti  o  rotatory  j>o'7«r  of  airsc,  or-loiuij,  vn 
llthlta^  «ro  dependent  ui>on  th«  ooncontration  of  tliolr 


#  Jt  will  bo 

fioic]  f  c  • 
f;)»*i  !  u  i.' 

t  -  c-lon, 

c 
( 


a^>otm  late?  thut  ^inmy  Irictic 
ituros  of  Via  r::^oealo 
>  -*&»•      In  thiu  oaan, 

.4.;oJ,  conoontrrvtlin  oi 
..ition  ▼  luo,   ictiiol  anglo 
iah  d;\t'i  for  t'  o 
it  jf  tiCtlTG  for  a  pros  on  t« 


solutions,  and  that  the  value  (i.  )^  rises  with  the 
lowering  of  the  concentration.    For  solutions  con- 
taining the  sajne  conoentrr.tion  of  lactic  acid,  this 
value  is  lowest  in  the  calcium  lactate  and  highest 
in  the  lithium  salt.    Because  of  ita  solubility, 
the  ease  with  which  it  ia  dried,  its  beautiful 
crystallization  and  relatively  strong  specific 
rotation,  they  advise  the  use  of  the  lithium  lac- 
tate in  the  determination  of  the  stereochemical 
configuration  of  lactic  rcid.  -Tlie  zinc  lactates 
are  used  by  many  investigators  "because  of  the  ease 
of  obtaining  thesft.Aj*d"tta5«E*.i  and  the  accuracy  of 
the  quantitative  Tiethod  from  which  this  material 
can  be  obtained. 

Sources  of  error  are  also  to  be  en- 
countered here,  among  which  is  the  presence  of 
lactic  anhydride.    This  substance  is  strongly 
levo- rotatory  and  might  change  the  rotation  of 
a  solution  of  zinc  lactate  from  dextro  to  levo  i^^ 
Salts  of  the  anhydride  possess  opposite  but  def- 
inite rotatory  powers. 

Ths  Influence  of  the  sources  of  errors 
mentioned  above  has  probably  Had  much  to  do  with 
the  widely  divergent  results  reported  in  the  lit-  ■ 
erature  of  the  stereochemistry  of  lactic  acid  fer- 
mentation, which  iG  especially  evident  in  the  ear- 
lier investigations. 


4.    Resolution  of  raceralc  lactic  Mid. 

a.  po-'  +  ^.-v-i-  ^en«r*l  >wi«*ho48  "-f"  resolution. 
Til*  wvost -wi«r  ked  elif(«r«n^»  i«  *f»e 

ac^tV«rUon«*W4«d^c»$t  the  rotation  of  the  plane 
of  polarised  light  in  opposite  directions.  Hence, 


Sorlu.bfiHY;:'ei^1heiV  SMH.  E.g. ,  dextro  lactic  acid  and 
levo  lactic  acid  are  said  to  have  about  1    C.  diff- 
erence in  melting  point;     thpsc  properties,  however, 
do  not  furnish  n.  basis  for  aepp.r^tion.- 

#  It  is  a  general  rule  that  anhydrides  and 
lactones  show  a  much  higher  specific  rotation  than 
do  the  acids  from  which  they  are  derived.  E.  g.,  lactide 
with  specific  rotation  (a)D  of  -86°  is  obtained  from 
lactic  acid  whose  ( a)D  isJ»-3°.  (Cohen) 


the  resolution  of  racof^ic  coBqK>und8  into  their 
optically  active  ooi^onento  oanf  a'" biT  accompli ahod 
by  the  usual  aetJioda  based  an  dlfferoncea  In 
pJiysleal  and  <ate»lcal  propertl©s.      The  throe  gen— 
«ral  cwthoda  for  a«eo  apllshln*;  this  resolution 
repr©3ent  one  of  raateur's  contributions  to  Science. 
With  the  develspjent  of  njcwlern  e^ieniatry.  these 
«^aral  aethoda  have  of  ooumw  been  expanded  rind 
exteiTdcd,  eopeelally  in  tha  deaain  of  pl^sicul 
ohomlatry. 

The  followlns  dlscuasion  of  the  resolution 
of  lactic  acid  will  be  preoented  under  the  hoadin,;a 
of  the  gen«r:a  Kasthods  of  resolution  introduced  by 
Pasteur. 

,  b,  ?.?oohanlcfa  no.  or ^ti on  or  reoolutlon 
by  OTystalliaatlon  in  enantioiSorphous 
forma. 

flrot  nethod  dr-pends  ur«on  the  fact 
tha^aceeiates  ooiietlnes  crystallize  fron  solution 
in  two  forras,  one  oorren-ondinf!  to  t'-e  dextro  B*at 
and  the  other  to  t}te  levo  Scilt.      The  crystal  forras 
are  mirror  Isiagea  and  can  be  loeGhanieally  seTJ^ratod 
an  Past-ur  did  in  the  case  of  sodium  aemanlura 
racemte  (tartaric  acid  salt). 

IrreBpectivo  of  Its  r-arity  of  occurrcce, 
ssparatlon  by  cryataJ  llsatjon  as  a  ute.-ns        rca  jlutlon 
of  raoemic  coJipoandB  ia  oC  special  intereut  fro;  a 
purely  c}i«nio!a  staiidpoint,  -iS  it  has  m  intlrmte 
oearini:  to  jusmy  problcsan  relatlnc  to  cheul  al 
equillbrluia.      The  relation  of  tiwaperatur©  to  tiiis 
TOthod  of  resolution  has  boei)  the  subjaot  of  study 
by  amy  phyoic.a  ch-inlsts,  wJiO  'i.v/e  ali.jwn  that 
the  forr.rition  of  the  enMntio.'-iorphs  or  of  the 
oricinal  race  ;ate  cryatals  is  often  deterrdned  by 
^  actual  transition  teraperaturo.  (Kondriok. 
XXX,  1749;    Cohen,  p.  75.) 
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This  method  has  been  ap  li»d  to  the  reaolu- 
tlon  of  the  inaotiY*  salts  of  1  .otic  acid  by  purdie 
(1893),  Trito  ssr>?«r.'^ted  Inaetiv©  zinc  ajaooniiia  lactate 
into  Itsi  optloally  active  cociponsnis* 


o.  ''latliod  of  foj-auitlon  of  derivlatlvwi 
T^lth  optically  active  Bubotjinoe*. 


Paateur«s  second  rjathod  depended  upon  a 
difference  in  solubility  of  tho  aalts  formed  by  the 
union  of  ortlcally  active  acids  with  opticiliy  active 
baaea.      If  the  optically  active  acids  tinito  with  an 
optically  inactive  base,  aa  in  Ithe  formation  of  a 
rj!«tn,lllc  s;at,  tliG  internal  structure  of  f  ie 
mleciilsB  is  linchtingod,  and  the  salts  oi  the  tw© 
for?^  still  pooaess  identic  O.  phyoie»il  properties. 
Howewor,  w?-i©n  tho  optically  active  acids  unite  with 
optically  active  baoes,   the  confirruratl on  of  t  e 
Of>.lt  rjolecules  is  charged,  and  they  no  longesp 
possess  identie?>J.  physicra  chonlota  properties. 

In  the  ease  of  the  resolution  of  racensio 

laetlc  aeid,  optically  active  alkaloids  are  )ir«le 

to  unite  with  the  two  optica3.1y  active  components 

of  the  acid.      The  alkaloid  salts  fernwd  differ  in 

■elubility  and  upon  this  beuis  the  two  forcis  iiay 

Im  resolved  by  fl-aotlonal  precipitation. 

Purdie  and  ?alker  accomplished  tlie  resolu- 
tion of  rncfflnlc  lactic  acid  by  rioans  of  Wie  stryoiinlne 
onlts,      .TuYvr:flel'3h»8  notJiod  of  reooiutlon  of  r.'ioeiuic 
lactic  acid  is  based  upon  the  quinine  s  dta;  '.'eraog 
found  it  eav®  poor  results,  and  it  does  not  seem  to 
be  used  in  recent  inventigatlona, 

iiore  rocontly,  Irvinos  he*a  resolved  racex-ilc 
lactic  acid  into  the  two  optically  active  forsis  by 
laeans  of  the  raorpJiine  oil  to.      llorplilne  levo  1  iCtate 
«ryot  aiizes  roridily  frou  dilute  solutions,  while 
the  salt  of  the  dcxtro  acid  ir,  exceedin,;ly  soluble 
and  caae  out  only  after  several  weeks  in  vaeini^j  des- 
rccator.      He  obtained  an  alMoat  theoreticfjl  yield  of 


"^^^  0^  d«3ttro  lactic 

solution  of  Pacomic  lactic   ..cid  with  norphlne/  fil- 
•ft!  %  J'^"?  coolin/j.  tho  filtrate  deposited  t]ie 
salt  of  tne  levo  lactic  acid;    Ktoraliine  dextro  1  otlo 
acid  reaalr^od  In  oolutlr.n.      Tlao  rbcrypt,xllSed  «Si 
T!^-  ^r*"^"!"^*"''  lactate.      l-hl.  laethod 

18  Buid  to  give  good  results  and  has  boen  uaad  in 
the  inajority  of  laoro  reowt  InvestlgatlonB. 

d.  Blolosicil  method  ©f  resolution. 

4       r  *  ,  '^^^  tlilrd  ffenwal  laetliod  used  by  Jasteur 
is  a  biological  r^ethod,  and  ddpendo  upon  the 
"oeloctive"  action  of  certain  ;ilc -ooraaniania  (or 
enayjieu)  upon  one  of  the  optically  active  coaur.onenta 
or  a  racome.      Since  Fasteur'e  observrition  of  thia 
phenomenon  ^ith  a  PeniciUiun;  ard  iho  tartto-ic  acide 
lloco;,  Woligieol  reaolution  haa  be«n  reported  in 
tiie  eaoe  of  a  Im-^e  nuiaber  of  raceulc  corirounda. 
}?omf       !       T.'inther  (1895),  ;;acKen«ie  and  r>ardon 
(190^).  and  7;'erner«8  "Lehrbudi  der  3to -Bochejai pUiS. 
In  tJ»  pres^mt  century,  it  ha«  also  been  ©attended  to 
the  reaolution  of  •ort.'Jn  raewaM  by  cmsyme  solutione.) 

The  reaolution  of  r^oalo  laetlc  acid  and 
raceailo  laotatse  by  oertijln  iswlde  tajd  bacteria  hu0 
teen  r^rted  Igr  Leirkowitsoh  (1663),  Linoeaiei  (1001), 
Fi-  uikland  jind  SteeGr«s«r  (1B93),  und  UMKeaxie  and 
Harden  (19^), 

Tlie  ejcplanation  of  blologiciil  reraelutloria 
involvea  a  nuaber  of  qudotlone  of  int<H>e8t  and 
ia^wrtonce  fSrori  both  phyaloloiUcal  and  ciieriiical 
*«l«»ct8.      Th«ao  Can  merely  be  stentioned  liere;  a 
aare  eoiaplete  doacuasion  of  thaae  and  related  qucationa 
o  .n  be  four^  later.  In  tbe  report  o£  "SterooJiwaloal 
Lactic  Acid  Faraantation*  and  in  tJie  original  iltera^. 
ture  cited. 


See  AdcJfcr,<rfu.v»,^,). 


^^ile  the  two  ivctive  uouificutiona  of  a 
subatanoe  aeo.i  to  a^rea  in  rhynical  and  ehc^Hcoi 
properties,  they  t^ey  exhibit  uiorkedly  Jlfferent 
p>Ty9ioloR;lo:al  properties. 

*t,<,«^  llvlne  wicroarg  .nie  ts  dlffe.-  in 

tael.    iCoioTi  upon  enimtio!  iorr.h8,  would  ^'ollow  from 
tho  very  fact  of  the  -tj,  lective"  a08iaii°tion 
which  results  in  blolo.:5lc  a  renolution.      iJ  ls 

°«"8u:.'.o  the  doxtro  Modification  of  a 
T^i^^f'  species  I  lay  select  the  levo 

!;»difl cation  of  t!  e  Boat  raoejic. 

reported  of  si,, liar  nivfarenc^n  in  iho  ph^BiorLitttti 

(IGOG)  observed  th.at  d-aap^u-ncineJias  a  awl-et  t  ,ato 

(ir>93)  fov-,nd  tJuit  1«vo  tart  j-ic  acid  w-.s  twice  >8 
polaonous  to  i^ina^  pi^fi  :a  tho  dcxtro  ooiapound. 

la  auoh  laore  poisonous  than  d-nicotino.  lx;^mleB 

rower  of  the  hwaan  body  ta  aoslidlnte  ,ind  to 
exorete^oertain  optically  eubat  mcea  (Cohen). 

«y  »a«y  chaidota,  resolution  of  ra<;o;.a!a 
1^  ts9PMt  of  Meloglcal  agents  io  oaipl  aned  in  lauch 
the  anae  way  am  reaolutlon  by  alkaloids  and  othar 
ST>tlcally  actlYo  conpounda.      in  theoe  explanationa 
toe  nicroora^nism  (or  enaj/aw)  la  oonaiderod  aa  an 
Mtymetrie  reagent.      \yinther  (1896)  proeented  an 
Interpretation  la  which  reaolutiona  by  alkiiloida  and 
Toy  "clolo/Tical  asenta  ar  ^  alike  dei>endent  upon  tlie 
atereoeJieralcal  ©orflguration  of  the  raceae  and  of 
the  resolving  ^ent. 

Howerar,  it  la  probable  that,  in  the 
uau^a  conception  of  the  iioo^mnluii  of  tololoGic;a 


^^pTOOTl  TO  71.    4.  il_ 


(1) 

oroorf^miaiiia 


io  follavo  l  by  the  e.crTtZ  of  ^  o^o^Bn  o'  onl'Sr  S  "'.T  """^ 


Althow^h  on  excen«  of  the  Ufom  ia.  -Sretod  L t  h  tJS  lUlcUc  ^^^5°' 

s^:r^r.:L.^;n^Sn^^r^°.^Ki^ri;^^   Hv  t"-  ---- 

qi'inln^  mi  tha  iavro-ocmr-oitnd  qulnilina.  "^ntl^n-d  th>  lovo-oo.apound 
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r««»ltttlon,  thm  specificity  «f  the  -letion  of  eertain 
al«9niMV«BiM9  upon  one  of  two  enantlocwrpha  la 
exaee«ratod.      The  extenalon  of  Pasteur ♦»  resolution 

living  alcroorsuniema  to  eimil^  work  with 
enayraee,  ha«  fumlahed  fupthesr  eridenoe  thn-t  the 
"■•leotlTe*  action  4pon  one  of  the  activ*  cofaponenU 
is  often  lierely  a  t^lfeotatlon  of  dlfferencee  in 
rates. 

A  presentation  of  irrretstig  itlons  be  i -inp; 
on  the  mech.'. nisr  1  of  biolo::ical  roeoiutlon  will  be 
Eiren  in  the  later  part  of  the  diecuasion  of 
*«t«reoc1ie- ileal  Lactic  Acid  ferwentation", 

5.    Racer.dzatian,  or  trimof on  mi-ion  of 
active  lactic  :icidB  to  tlie  dl-forn. 

It  has  been  3}iown  above  thnt  inactive 
racemes  aay  be  rooolved  into  their  active  oomponenta. 
It  is  also  true  that  certain  active  subctanoeo  aa^ 
be  trannfor.MGU  into  the  inactive  racej«,  by  tt;e 
oonverRion  of  one/half  o.i'  the  active  tiaterial  into 
ita  optica  enantionorph  (Cohan,  •olianari). 
This  process  la  teroed  racenization. 

Jiaoeztlzation  r.iay  be  effected  by  different 
Het]iod0.      The  operation  of  several  of  these  hns 
boon  obsopved  in  the  case  of  lactic  acid. 

A  rise  in  tewperature  is  the  raost  usual 
ttouse  of  *ace!ni;!ation»     The  transformation  of 
optically  active  lactic  acid  into  the  dl-form  ly 
owans  of  heat,  is  repotted  by  7i8cl<mius  (11)03), 
Rwrxee  an^^orto,  Holianori  nnd  others.     At  150*, 
active  iMittic  Mcid  lo  converted  into  the  inactive 
lac tide  (Cohen). 


The  presence  of  forelijn  aaterlal  ft-equently 
produces  rac««l«ation  (Cohen).     c^ioUc  potash  ^ 
said  to  ra««alae  optically  active  lactic  acids  (Celion). 

  5*       prolsable  that,  in  mmav  such  oaflsn  tii« 

rathei-  thrm  to  actually  induce  or  produce  racriisation 
action  on  tatarie  acid  by  t],e  oxideo  of  iron  and 
SSnf"^'  lytic  action  tt  ti^ 

^      *ioe  in  temperature,  it  is  poeelbJI^^olJen 
the  increase  in  ta  ipcrature  i»   JLse  aiis^jly^ 
accelerating  condition  in  the  systeEi. 

1^18  taope-ature  at  fltoich  socio  actlTe  eubstancea 
ai»e  raoemiaed.  ia  quite  low.     mtii  aereral  aubetanoea 
the  change  laa  been  obserTed  to  tcdce  place  apparently 
spontaneously  and  at  ordinary  teraperatures.  iiiia 
phanoMenon  ia  known  as  autoracia.iisatlon^ 

Autoracecilzation  of  lactic  acid  has  boon 
reported  by    a  noabear  of  Inveotigators,     ijef  hajs 
obeer-red  auch  a  tranafortiation,  which  he  explains 
upon  the  tiaais  that  dextro  lactic  acid  ia  dlaaociated 
to  a  higher  deeyee  t?ian  la  «ie  leve  fora 

SalkoTOki  (1909)  reported  that  the  d-lL.ctlo 
acid  of  L4ebie»>  laeat  extract  is  transformed  upon 
long  sttuidir^  to  the  dl-forw.      It  is  to  be  «jpeoted 
that  theoe«aMtotran8fapmtions«  eotad  proceed  at  a 
wrth  slower  rate,  than  siinilar  ehzs^s  i^er  hlgh«> 
t«porature  conditions. 

Ma^snaie  (1906)  has  reported  on  the 
»Wfe«BlaatioB  of  *ctiTe  lactlo  acid  by  ohaalcal  cieans. 


I 


8wwsl  iftterestlne  plveical  eharalcal 
be«n  proposed.      (Van't  Hoff.  1877;  Werner's 


Stereoeheraioal  Lactic  Acid  Fermentation. 
I.  History. 

1.  "Fermentation  Lactic  Acid"  conception. 

2.  Lactic  acids  produced  in  lactic  aoid 

feraentation. 

II.    Disposal  of  Early  Explanations  and  Concep- 
tions. 

1.  Active  forms  not  due  only  to  biologi- 

cal resolution  of  raoemic  lactic 
acid . 

2.  Product  of  one  species  not  always  pure 

dextro  or  pure  lero  lactic  acid. 

III.    Factors  Determining  the  Itodifloation  of 
the  Product. 

1.  Opinions  of  authorities. 

2,  Probable  interdependence  of  factors. 

IV.  Role  of  Species  of  Lactic  Acid  Bacteria. 

1.  Rerlew  of  investigations. 

2.  Modifications  usually  produced  by 

the  different  groups. 

3.  Probable  importance  of  species  as 

a  factor. 

V.  Role  of  Substrate. 

1.  Same  substrate,  different  species. 

2.  Different  substrate,  same  species. 

3.  Same  substrate,  same  species. 


^^-S«o"m^  -Elation  of  j^y^  ^  3ub«tr«te 
to   -«dlf ioatior.  of  Lactic  Acia  Produoed. 

1.    Difficulty  af  explanation  trva  etatlc  aspect. 
^*    of*^J^*^  explimutiana  i>o«  <JynwAic  point 

*.    Tlieeries  bn8«d  on  Hssue^tlon  of  two 
eiwyraea , 

Harden  »8  eocplnnatlon  upon  basis  of  the 
stereoobenloal  configuration  of  the 
•nsyae. 

c.    liynoirdc  theory  baaed  on  one  ensy.oe. 

whioh  produce*  both  d-  and  1-lactic  acid. 


VII.    Hole  of  Kitrofjenous  SubotHneea, 
1*    BMi^ea  of  influence. 
2.    Bxatsqilee  of  indiffarenee. 

VII 1.    Influence  of  T«:iperature, 

1.  Hixed  cultia-ea,  icqjortant. 

2.  Pooeibllity  of  rujtion  of  tesmeraturo  u>  on 
lactic  aeld  itself, 

IX.    othQf  Influences. 

X.    Q^eQtlon  of  ;quilibpiuni  Between  >ate8. 

XI.    Review  of  Paetore  involTed  in  the  iieolianlan  of 
Blolot^lcnl  iTeaolutloM. 


B.    Stereochemical  Lactic  Acid  Fermentation. 
(Kinds  of  Lactic  Acid  Pornied) 

1.  History. 

1.  "Peraentation  I<aetic  Acid"  conception. 

In  the  early  days  of  our  knowledge  of 
lactic  acid  fermentation  it  was  believed  that  the 
racemic  modification  was  the  only  form  of  lactic 
acid  produced  in  lactic  acid  fermentation.  The 
influence  of  this  early  belief  is  still  seen  in 
the  term. (eomlnB  from  Lieblg) ,  "fermentation  lac- 
tic acid",  which  is  applied  to  the  raceajic  lactic 
acid  in  many  chemistry  text  books.    It  was  soon 
shown,  however,  that  the  active  forms  appeared  in 
the  products  of  many  lactic  acid  fermentations. 


2.    Lactic  acids  produced  in  lactic 
acid  fermentation. 

In  1889,  Hencki  and  3ieber(59c)  reported 
that  M.  acidl  paralractici  produced  dextro  lactic 
acid,  a  form  identical  with  the  so-called  "saroo" 
lactic  acid  which  Liebig  had  obtained  from  rauscle 
extract.    A  year  later,  Schard ln<7er( 68 )  reported 
production  of  levo  lactic  acid  in  fer^ientation  of 
sucrose  by  Bac .  acidi  laevolag tici .    A  little  later, 
Uencki(59a),  Leiohmann(49 ) ,  GOnther  and  Thierfelder 
(84),  and  others  reported  production  of  active  forms 
by  other  bacteria.    In  1900,  ]5pstein{23)  examined 
the  forms  of  lactic  acid  produced  by  eleven  species 
of  lactic  ecid  bacteria;  nine  of  these  produced  ra- 
cemic lactic  acid;  one,  levo  lactic  acid,  and  another, 
dextro  lactic  acid. 

Results  of  later  investigations  have  es- 
tablished the  fact  that  the  product  of  lactic  acid 
fermentation  may  be  not  only  pure  raeemie  lactic, 
pure  dextro  lactic  acid,^^  ^^^^  ^^^^  ^^^^^^^  ^^^^^ 


l)ttt  there  my  also  be  raixturee  of  racealc  lactic 
aeld  with  an  excess  of  either  of  its  optically 
actlTe  co^onents. 

II.    Disposal  of  Barly  Explanations  of  Pro- 
daction  of  Aotire  Lactic  Acids. 

To  establish  a  better  basis  for  a  din 
cussion  of  the  conditions  determining  thl  stereo- 
chemistry of  lactic  acid  fernentatloS.  it  llTell 
to  dispose  of  two  assuiaptlons  made  by  the  earlllr 
investigators.    Although  at  the  time^f  the?^^"- 
posal  they  appeared  well  grounded    the  results  «? 
later  work  aake  it  impossible  to  accept  them  Jn 
the  inclusive  terms  in  which  they  wer4  oroT^osed. 

1.  Active  forms  not  due  only  to  biologi- 
cal resolution  of  raoemic  lactic 
aoid. 

Possibly  largely  under  the  influence  of 
the  early  belief  that  racemic  or  "fermentation- 
lactio  acid  was  always  the  final  product  in  lactic 
acid  fermentation,  many  authorities,  (anrong  them 
I^ehniann  and  Seumann(4a),  Oppenheiraer{  60) ,  and  Cza- 
pek(l4)  ).  exnlained  in  the  following  manner  the 
appearance  of  oT,tical  forms  among  the  products  of 
lactio  acid  fermentation:     The  r-cemic  form  Is 
always  first  produced  (meaninfr,  of  course,  that 
lactio  acid  bacteria  always  produce  equal  amounts 
of  the  dextro  an<i  lero  forms);  If  no  secondary 
reactions  enter,  that  modification  will  be  the 
form  always  detected  in  the  final  products  of 
lactic  acid  fern»ntation . 


The  appearance  of  optically  active  forms 
in  name  lactic  aci<^  fermentation,  is  due  to  the  pre- 
ferential  combustion  of  one  of  the  components  of 
the  racsme,  learing  an  excess  of  one  of  the  foras. 
They  strengthened  thase  assumptions  by  the  reference, 
giren  abore  under  -biological  resolution  of  racemio 
lactic  acid  into  actiye  forma",    in  oaaes  where  the 
racemic  form  persisted,  it  was  assumed  that  the  lac- 
tic acid  bacteria  present  either  did  not  attack  th. 
lactic  acid  produced  ©r  that  they  consumed  equal 
amounts  of  the  two  optically  active  antipodes. 

faet  f>,„t  attention  to  another 

jaet  that  mif/ht,  in  some  oases,  be  construed  in 
fsTor  of  this  hypothesis.    In  the  experiments  of 
Sj^^r/"*  .'Xeisenhelmer*.  racemic  iJctlc  2c id  was 
iv  the  e^;iJ  1'*?*^*'  fermentation  induced 

whl^e    wl?r?iir^''^^^/'*'"  °^  delfcrtlckii; 

!o  •  cultures  of  this  organism  upon 

the  aaa*  substrate,  levo  lactic  acid  is  reported 
to  be  the  product.    Possibly  here  racemic  lactic 
acid  i3  first  formed  by  the  lactic  acid  bacteria 
syrap-se  in  thfi  cell  of  the  llvlnr?  B.  delbrflokli 
and  subsequently  the  dextro  form  of  the  two  ra- 
ceme components  is  used  u~>  in  some  way  by  the  life 
processes  of  th<?  iPctobaeillus;   this  Would  result 

t  "5^""^"°^  of  optically  active  lero  lactic 
acid  in  the  final  product. 

bacteria  (probably  rare 
*f"*  ^^^'^  bacteria)  may  consume  part 

of  the  lactic  acid  or  of  the  lactates  fom.d»»  and 
some  InTestigators,  (i>ere(63)  and  others),  claim 


^       *  See  p.       under  "iilnKymes  of  the  lactic 
acid  bacteria" . 

»♦  See  "Rerersal  of  Reaction". 


that  ttese  lactlcs  conaurae    in  nri.fi.T.«„«- 

5     which  Eire  practically  100*  yl«ld  «f 
aold  from  the  sugar  utilised.  ^  lactic 

a6«t  authorltiea.  while  adalttlnf?  that 
preferential  eombuation  of  one  of  the  raceme  eoa- 
ponenta  aay  at  time  play  a  role  in  foraation  of 
active  acida  in  aome  lactic  acid  fermentationa. 
believe  It  "highly  Improbable  that  the  activity  of 
fermentation  lactic  acid  la  due  to  the  initial  for- 
nation  of  raceraic  lactic  add  and  aubaequent  partial 
reeolution  into  the  t«o  optical  antlpodea-. 

2.    Product  of  one  apeolea  not  alwaya  tjure 
dextro  or  pure  levo  laetle  acid. 

The  aeoond  aaauaption  waa  moat  atrongly 
aupported  by  HeineaannOaa)  In  hi  a  early  work,  in 
hia  inveatigatlona  on  B.  aerogenea  and  Strep,  lao- 
tieua  in  milk  culture,  he  reached  concluaiona  di- 
rectly oppoaite  to  the  theory  Juat  diacuaaed.  -Ra- 
oemlc  lactic  acid  la  the  reault  of  the  fonaation  of 
pure  dextro  lactic  acid  and  pure  levo  lactic  add 
by  at  leaat  two  different  apeciea  of  mlcro-organiaaa. 
Raoemic  lactic  acid  la  not  known  to  be  the  product 
of  one  apeciea  only."    It  nuat  be  reaeoibered  that 
he  had  inveatigated  but  few  atralna  and  theae  only 
the  ooat  coraraon  znembera  of  the  firat  two  groupa; 


nlllc  was  the  only  aediuni  tested.    ObTloualy.  this 
conclusion  »as  based  upon  too  little  data  to  be 
applied  as  a  general  principle  In  laotie  acid  fer- 
mentation.   Basing  their  ooncluslona  on  the  specific 
nature  of  enayass.  JtocKenxle  and  narden(53o)  ad- 
ranced  sialiar  rlews  from  their  work  with  several 
molds. 

This  extreae  theory  has  also  been  <!4« 

bacteria  always  produce  raceSc 
^"  •a»  iaedlura  he  had  uSed 

fouS  tSr?""  Moreover.  It^s  ?len 

found  that  in  many  casea  in  which  optically  active 
iu?.  S«?in  1«  produced,  the  acid  is  neiiSr  Jjf 
pure  dextro  nor  the  pure  levo  form,  but  k  mixture 

°Irro?1Se'?«S?  ^""ii         ^  conpa^tiJelyiLJT 
trt*:  **»**^'  on«  o^"         optical  forma 

Jne'lV^x^sT^*"'  fermentations.  Vu'^ 

The  last  two  articles  have  been  con- 
cerned with  the  disposal  of  biological  resolu- 
tion of  raceralc  lactic  add  as  an  absolute  expla- 
nation of  the  presence  of  active  lactic  acids  as 
products  of  fermentation,  and  with  the  establish- 
ment of  the  fact  that  all  possible  forms  and  ooa- 
binatlons  of  forms  or  stereochemical  configurations 
of  lactic  acid  can  be,  and  are  produced  in  agri- 
cultural lactic  acid  fermentations.  Discuaaion 
of  the  factors  deciding  or  Influencing  their  pro- 
duction follow. 


1  ^*  references  given  under  forms  of 

iactlc  acid  produced  by  laotobacilli ,  on  following 
page  s ,  ^* 


HI.    Factor.  Determining  the  Hbdlflcation  of 
the  Product. 

1.    Opinions  of  authorities. 
Although  oplnlona  rary  as  to  the  relative 
importance  of  different  faotora.  many  authorities 
believe  that  several  faotora  enter  into  the  deter- 
aination  of  the  kind  of  lactic  acid  that  will  be 
produced  in  lactic  add  fermentation.  Oppenheiaer 
(60b)  proposes  the  influencing  factors  to  be  the 
organism  and  the  carbohydrate  substrate;  Duclaux(l8) 
the  organism,  carbohydrate,  and  nitrogenous  food 
in  the  medium;  Kru8e(47b).  the  organlam.  the  pro- 
perties of  the  medium,  and  conditions  for  growth; 
A.  lIayer(S4},  in  addition  to  factors  named,  the 
temperature  and  other  influences. 

Other  authorities  ascribe  almost  entire 
influence  to  the  species  of  lactic  involved. 

2.    Probable  Interdependence  of  factors. 

Probably  all  these  factors  are  oonoemed 
in  at  least  some  cases.    Some  of  them  are  probably 
much  more  important  than  others,  but  to  determine 
their  relative  influence,  all  other  variables  must 
be  eliminated.    The  failure  to  do  this,  together 
with  possible  errors  in  analysis  of  the  acid  pro- 
duct, probably  accounts  for  many  of  the  contradio- 


tory  results  reported. 


IV.    RSle  of  Speoies  of  Lactic  Add  Bacteria. 

1.    Rerlew  of  Investigations. 

H«nclcl(59a)  believed  the  species  to  be 
the  determining  factor  Independent  of  other  condi- 
tions . 

Slightly  later  Investigations  Indicated 

that  species  Is  not  an  absolutely  Independent  factor. 

The  results  of  Pere's(63)  and  others'  ex- 
periments on  B.  coll.  and  those  of  Kayser(43)  on  a 
number  of  speoies,  (as  well  as  those  of  many  other 
Investigators).  Indicated  that  the  saiae  speJlSs  oin 
produce  stereoeheraically  different  lactic  acids  ac- 
cording to  substrate  and  other  conditions  of  growth. 

^  ^    5^  results  of  the  investigations  which 

followed,  by  Ut«{73b).  Thlele(72).  Ko«oai(46b):  and 
'^y^tl":         difficult  to  Interpret  here,  as  little 
Of  their  work  was  done  with  pure  cultures. 

^     ,  r.»J^  Investigations  of  nelneniann(33a) , 
and  of  Holling{37),  Indicate  that  In  the  fermen- 
tations examined  by  them  the  species  is  the  inde- 
pendent determinant  of  the  modification  of  the 
product  of  the  femsntation. 

Jen8en»8(40)  analyses  of  the  rotatory 
character  of  the  acid  produced  by  a  large  number 
of  lactic  acid  bacteria  lend  him  to  believe  that 
the  species  is  usually  the  only  factor  Involved. 
"As  a  rule,  neither  the  carbon  nor  nitrogen  sources 
affect  the  modification  of  the  lactic  acid.  Those 
species,  which  in  milk  form  pure  dextro  or  levo 
lactic  acid,  will  also  In  a  nutritive  broth  always 
form  dextro  or  levo  lactic  acid,  whether  the  source 
of  energy  be  alcohols,  aldoses,  ketoses,  pentoses, 
hexoses  or  polysaccharides."    "Those  strains,  which 

in  milk  form  purely  Inactive  lactic  acid    I.e., 

with  like  quantities  of  dextro  and  levo  acid   

will,  as  a  rule,  also  under  other  conditions  main- 
tain the  equilibrium  between  the  two  acids."  This, 
opparently,  does  not  hold  so  true  for  those  lactic 


■lllc  form  more  of  the  one  f^M«  "^^^  In 

tlmn  the  other  will    uidir  i^^J  r^^'""  ^o'") 
generally  form  the  aclS^Si«h  tv.  condition., 
duee.-    ^8  Change  ?„  tS  r* In '"^^^  P'O" 
two  aotlye  foraT  (wMoh^iIhJ  ^i""®  aoouats  of  the 
pure  raoemic  aSld    or  Jjef  f?*  mixture  to 

alone).  «ay  occur •awras^a  ref.nf  ^^'^  ''""''^  ^o""' 
tlvation  of  the  lactic    a^S  iit^^l^  °'  continued  oul- 
total  amount  of  ac?]  pi^JCoeJ!^"*  ^ 

""^%\^JroVL-J}j  JoWte^ia-- 

It  is  generally  agreed  that  Strep,  laoticus 
produce,  dextro  lactic  add  In  ailk.*       found  by 
Ounther  and  Thierfelder(84) .  Leichman„(49) .  HcHi„g 
(37),  and  Halneaann(33a) .    Kru8e(47b)  gires  result, 
of  other  inreatigators.  from  which  it  i.  .afe  to 
state  that/aoat  coozaon  members  of  this  group  of 
lactic  acid  bacteria  usually  produce  this  modifi- 
cation.**   Jen.en(40)  gires  the  constant  production 
of  dextro  lactic  acid  as  a  generic  character  of  hi. 


refer  ««rp'JS^  paragraph. 


"StreptoeoccuB"  group  of  laetio  acid  bacteria. 

The  type  species  of  the  acid  gas  group 
ha.  been  shown  by  H5lling(37),  Heinemann{33a) .  and 
others,  to  produce  levo  lactic  acid  in  ailk  cultures. 
The  weight  of  evidence  indicates  that,  at  least  in 
tte  agricultural  lactic  acid  feraontations  of  dairy 
products,  the  aost  ooaaon  asmbers  of  this  group  of 
lactic  Bold  bacteria  prodags  that  form  of  lactic 
add. 

With  the  laotobncilli  group,  no  general 
statement  can  be  aade .    Many  InTeetigations, {Currie 
(13),  nelnemann  and  Hefferan(33b) ,  Hasting8(31), 
White  and  ATery(8l),  Bartbsl(2b),  Jensen(40),  and 
others),  hare  shown  that  different  lactobacilll 
under  like  conditions  may  produce  all  foras  and 
combinations  of  fonas  of  lactic  acid,    it  will  be 
noted  here  that  the  products  of  nany  of  the  lacto- 
bacilll would  fall  under  the  lactic  acid  fermenta- 
tions stated  aboTe  by  Jensen  to  be  subject  to  stereo- 
chemical rariatlon  In  case  of  saas  strain. 

With  the  fourth  group  of  lactic  add  bac- 
teria, little  oTidenoe  can  be  presented,  nad  It  Is 
impossible  to  make  any  general  statement.    It  is 
probsble  that  many  msiabers  of  this  group  would  fall 
under  Jensen's  Betaeecous  and  Tetracocous,  which 
that  InTeatigator  found  to  form  Icto  lactic  acid. 


and  exceptionally,  raoeaie  lactic  acid  and  dextro 
lactic  acid,  reapeetlvely . 


3.    Probable  importance  of  epeciea  a«  a  factor. 
The  species  stands  out  as  the  Biost  Impor- 
tant factor  in  the  deter«lnation  of  the  optical  modi- 
flcatlon  of  the  product  of  lactic  add  fermentation. 
As  stated  above.  seTeral  authorities  consider  it 
the  only  factor  inrolred. 

of  the  la«Sr«!!lJ°l  considers  the  rotatory  character 
acter    a^^iL^JJ  ^^^<>^^t  specific  ehar^ 

cln^sifJSat?^    ^L^^      generic  character  in  his 
oT  llctiTlJ2'         includes  that  -the  niodific«tion 
-L  ?       ,  5*°  ....  depends  entirely  uwon  the 
B^elea  of  bacteria.  -  althouf^h  it  would  mllm  fr^™ 

pi^lSvo'^fo*!^'! ^'^'"''^"^     '^^^^  0? 

strong  ad.o^^L^'^rl2?:^ab:o^.?j%,^jisj;;,r:? 

Itltn  n'r^^'^'li^  fi'*'^^  produces  the  eaoe  oodlfl- 
catlon  of  itujtlc  acid  without  regard  to  changes  in 
condition*  or  enyironment."  cnnnges  in 

In  spite  of  the  erident  Iraportance  of  the 
species  or  strain  of  alcro-organisa  as  a  deterndnant 
of  the  stereochemical  direction  of  lactic  acid  fer- 
mentation, it  seeaa  unwise  to  aooept  It  as  the  only 
factor  InTolred  in  all  oases.    It  is  more  easy  to 


*  Tills  stateiaent  of  Heinenann's  does  not 
♦  ^r**  A*^^         ^'^nl^ns  ^  Jen8en{40)  of  cages  where 
tJie  Modification  of  lactic  acid  produced  chantted  after 
continued  oultlTation  of  the  organisnj.  (this,  however 
not  in  cases  where  pure  dextro  or  oure  levo  were  first 


bcliere  that  conditions  which  Influence  the  life 
proceaaes  of  lactic  acid  bacteria        project  on 
influence  upon  the  aterochamlcal  configuration 
as8u«,d  by  the  chief  product  of  their  «etaboli.a. 
With  .trains  which  produce  only  one  of  the  actire 
forms .  theae  influenceo  probably  would  not  be 
sufficient  to  change  the  modification  of  their 
products.    With  strains  producing  both  n»difica- 
tlons.  (either  1„  equal  amounts,  giving  a  racemlc 
product,  or  in  unequal  a-nounts.  yielding  an  excess 
of  one  of  the  actire  forna).  other  influences  seem, 
at  tlae^  to  play  a  aore  or  less  laportant  role. 

V.    Role  of  Substrate. 

Mo«t  of  the  inrestlgatlons  of  the  stereo- 
chemistry of  lactic  acid  fensentation  haye  been  con- 
oemed  with  the  factors  of  species  and  substrate. 
Part  of  the  facts  relating  to  the  role  of  the  sugar 
fermented  hare  been  given  above,  from  which  it  is 
evident  that  different  lectio  aoid  bacteria  may 
produce  different  optical  forms  of  lactic  acid  from 
the  saae  subotrate. 

Investigations  reporting  that  the  sane 
lactic  add  bacteria  may  produce  different  optical 
forma  of  lactic  acid  by  their  action  on  different 
•ubstrates  arc  given  below. 


»«ny  speclesriJ^iSleS  ""^^  experiments  with 

only  Triable  factor  ^^f.^'*!""*  the 

the  same  BpeclJ^^der  ?LS'SiliJf 
produce  different  for^J  of  ?Lm^*<2";'  '•'^ 
augare.    HennenberpfJ?)  ?Lnd  different 
(Neigaann).  whJcHe T  s^^J  ^f^*.  l^ctie  acidl. 
althouRh  producing  Ultrt  lac^Jc  aeid 

p^^^e^^e3Tfo^^d"t\e^nSh^^£e^"^f 

f^^i^en^^d^B-^MS^ 

that  the  different  sugara  yiSld  JijifJi^f  ?°  report, 
upon  fenaentatlon  by  the  aJjI^pecfee 

carbohydrate- upon  tie^^te^ocSiHd  J^ri"^^"?"^!^ 
fernientation.    The  results    h^-^f.  Idiotic  neld 

that  it  is  of  doSMm"ii?4e^!'-  "° 

I-ster  worlcers  are  not  so  ready  to  accept 
the  substrate  as  such  an  important  factor. 

th«>ugh  the  same  lactic  «iy  or^dJee  o;;foafly^iVfS;nt 
13  S5«ji^a  o^'ntJi^'f?^""'  -'^^^trates/tird^X^e^Se 
iountl^f  t^«^^-'""**^*''%''"*  proportionate  a- 

laounta  of  the  two  active  forms.    Six  of  the  eicht 

lei  «Jn?  J?  JS"!  r?*"-  *  'ii'f^^-ence  exloted  in  tSe 
per  cent  of  the  total  «cid  that  was  optically  active 
fJ™aj.*°  ''''  relative  proportions  of'thi  TcUre' 

In  the  still  oore  extensive  work  of  Jensen 
(40).  (mentioned  above),  a  comparison  of  a  large  num- 
ber of  carbohydrates  showed  no  difference  in  the  op- 
tical raodificntloa  produced  from  the  different  sub- 
straten  . 

Gayon  and  Dubourg  (1901)  found  that  the 
rermentataon  of  different  carbohydrateB  by  their 
lactobacilli  always  yielded  the  sarne  kind  of  lactic 
acid.       This  obtained  even  when  the  relative  ainounts 
°  \.  2^  various  otjier  products  varied  with  the  different 
substrates.       (See  "Other  Products"). 


Mast  authorities.  (PotteTln( 64) ,  Harden(29), 
Hereog  and  Horth(35b),  Jen8en(40),  Heinen!ann(33) ,  and 
others), are  apreed  that  the  atereooheaical  configura- 
tion of  the  substrate  is  without  influence  upon  the 
optical  laodifloation  of  the  product  of  lactic  acid 
fermentation. 

The  above  paragraphs,  on  the  influence 
of  the  substrate  upon  the  stereochemical  direction 
of  lactic  acid  fermentation,  may  be  suiraiarised  as 
follovs:     (1)  The  action  of  the  enayraes  of  different 
lactic  acid  bacteria  upon  the  sarae  substrata  may 
yield  different  optical  fonas  of  lactic  acid;  (2) 
the  action  of  the  ensynes  of  the  same  micro- organism 
upon  different  substrates  seems  to  yield  only  quan- 
titative differences  in  the  proportionate  amount  of 
the  two  oTJtical  forms  oroduced,  the  substrate  being 
without  influence  in  case  only  one  of  the  active 
foras  is  produced  by  the  bacteria  in  question; 
(3)  the  influence  of  the  substrate,  in  those  oases 
where  any  is  evidenced,  is  independent  of  its  stereo- 
chemical configuration. 

Later,  reports  will  be  given  of  the  in- 
fluence of  environmental  conditions  upon  the  optical 
nodificHtion  of  the  product  of  fermentations  induced 
by  action  of  enzymes  of  the  same  lactic  acid  bacteria 
upon  the  sarae  substrate . 


VI.    Relation  of  En«yme  and  Jubstrate  to  tha 
.aod if  1  cation  of  Lactic  Acid  Produced! 

From  a  purely  static  point  of  riew.  it 
18  rather  difficult  to  trlng  the  above  phenomena 
into  concurrence  with  the  usual  conception  of  the 
specific  nature  of  enzyme  ection.    From  the  stand- 
point of  the  -lock  and  key-  theory,  it  would  seem 
that,  if  the  -lactic  acid  bacteria  .yaase"  inside 
the  cells  of  different  lactic  acid  bacteria  is  the 
same  enzyme,  the  action  of  lactic  acid  producing 
enzynies  should  alirays  yield  the  same  modification 
of  lectic  acid.    That  different  forms  of  lactic 
acid  rai(?ht  be  produced  from  different  substrates, 
would  not  be  out  of  harmony  with  this  conception. 
Howerer.  it  has  been  established  that  the  stereo- 
chemical conflpxiratlon  of  the  substrate  itself 
has  no  definite  influence  upon  the  stereochemical 
configuration  of  the  product  of  lactic  acid  fer- 
mentation. 

"The  subject  needs  attackinR  from  the 
dynamic,  rather  than  from  the  static,  point  of 
view,  rates  of  reaction  need  more  investigation 
than  the  fitting  of  looks  and  keys."  (Bayliss) 

Theories  based  on  assumption  of  two  enayaes. 

From  a  more  or  leas  dynamic  standpoint, 
but  otill  largely  under  the  influence  of  the  stereo- 
chemlcally  specific  action  of  enzymes,  Currla(l3) 
suggests  that  there  must  be  two  enzymes  concerned 


^•^i!!*'*!*'  fetTjentatlon.  one  of  which  T,roduoe8 

dextro  lactic  acid  and  the  other,  levo  lactic  aold. 

Although  preferring  the  theory  Riven  la- 
tpr    Herzof?  and  Horth(35b)  fluggeot  a  nimliar  theory 
or  t«re  enKynes  as  «  possible  cxtjlanation  of  the  pro- 
duction of  different  raodif icationa  of  Iftctlc  acid 
If  action  of  hoth  these  enzymea  nroceeds  at  the  siaioe 
speed,  raeemic  lactic  acid  will  result:  if  one  pro- 
ceeds at  H  greater  velocity  than  the  other,  an  ex- 
cess of  that  form  will  be  produced,  the  amount  of 
excess  optically  active  depending  on  the  relative 
velocities;  if  the  product  is  pure  dextro  or  -^ure 
levo  lactic  acid,  the  enzynse  producing  the  other 
aodification  was  not  present. 

Jen8en(40)  also  believes  two  enzymes  are 
involved  .     "Se  oust  therefore  presujne  that  dextro 
and  levo  lactic  acid  are  formed  each  by  its  own 
Independent  enzyrae  . '    He  explains  loss  of  ability 
to  produce  onf  of  the  ?ctive  forms  by  bacteria, 
which  at  first  produced  unequal  anwunts  of  the 'two 
active  forms,  by  loss  of  power  to  produce  th«  cor- 
responding enayrae . 

The  presence  of  two  enzymes  he.s  never 
been  proven  and  the  following  explanations  are 
sinpler,  nore  easy  to  accent,  and  well  in  accord 
with  the  opinions  of  recognised  authorities.  These 
theories  are  not  so  strongly  Influenced  by  the  con- 
ception of  stereochemlcnlly  STjeclfio  enzyraea ,  (  i  .e . , 
up  to  the  point  of  beinr  fermented),  and  are  upon 
a  strictly  dynamic  basis.    They  assuae  the  presence 
of  but  one  enzyme,  which  forms  both  dextro  lactic 
acid  and  levo  lactic  acid. 


Warden's  explanation  upon  basis  of  atereo- 
chemical  configuration  of  enzjnns . 

In  his  attempt  to  explain  the  oripin  of 
optically  active  lactic  acids  in  lactic  acid  ferraen- 
tation  by  the  acid  Ras  proup,  Harden(29b)  proposed 
the  following  theory.    He  points  out  that  the  re- 
arrangement of  the  three  center  CHCH  groups,  from 
which  lactic  icld  arises  when  glucose  is  fermented 
by  B.  coll.  (see  Harden's  first  equation  tinder 
"Chemical  Changes"),  would  yield  an  inactive  acid, 
provided  that  the  change  were  bro tight  about  by 
reagents  containing  only  symmetric  molecules.  How- 
ever, since  the  change  is  brought  about  in  the  pree- 


enoe  of  the  asymmetric  molecules  of  the  enayme  it 
would  mo8t  probably  be  influenced  so  as  to  proceed 
entirely  in  one  direction,  or  more  rapidly  in  one 
olrpctlon  than  the  other,  and  thus  give  rise  to  an 
active  acid.    The  activity  of  the  acid  produced 
would  then  depend  entirely  upon  thf.  atereochenioal 
configuration  of  the  enzyme  and  be  independent  of 
the  aubfitrate.  [uv  to  the  r^jint  of  whether  or  not 
it  18  femiRnted  by  the  enzyme). 

*    „    J  theory,  while  it  could  not  be  applied 

to  Harden 'B  later  conoention  of  the  nature  of  the 
chemical  reaction  involved  in  this  lactic  acid  fer- 
mentation, i3  very  suf^f'estive  ancl  probably  had  much 
to  do  with  the  developraent  of  the  following  theory. 

Dynanic  theory  based  on  one  enzyme,  whic}i 
produces  both  dextro  and  levo  lactic 
acid  . 

Hcrzop  and  Horth(35b)  propose  tho  fol- 
lowing aomewhat  similar ,  but  more  far-reaching 
theory.    There  is  only  onR  enayme  involved;  it 
forms  both  dextro  lactic  acid  and  levo  lactic  acid; 
the  rates  of  the  two  reactions  may  be  different.  The 
relative  a^jeeds  at  which  the  two  modifications  are 
formed  will  determine  which  modification  is  produced 
in  excess;  if  both  are  produced  at  tho  saiae  rate,  ra- 
oemic  lactic  pcid  will  result;  in  some  cases,  the 
difference  in  speed  of  the  catalytic  direction  may 
be  so  great  rb  to  result  in  formation  of  the  raaxi- 
raum  acidity  of  one  optical  modification,  before  an 
anpr^ciable  amount  of  the  other  antipode  is  produced. 
They  strengthened  this  theory  by  other  stereochemical 
fermentation  studies  of  Herzog  and  Meier(35c),  and 
by  worV  of  Rredig  and  PajanaflOa)  on  the  stereochem- 
istry of  catalytic  reactions.     (In  a  later  paper  by 
Pajano(Kro),  atill  stronger  evidence  is  presented  in 
favor  of  Buoh  r,n  exp-lanation . ) 

It  is  perhepe  best  to  accept  this  theory 

of  the  origin  of  different  optical  forma  of  lactic 

acid.    From  this  standpoint,  it  may  be  assumed  that 

the  two  optically  active  lactic  scids  nay  be  pro- 


duced at  ratea  depending  upon  the  conditlona  named 


at  the  beginning  of  our  discussion  of  stereochemical 
lactic  acid  ferrnentation.    Bayli9s'(57)  conception 
of  aiailar  phenoiaena  in  other  snayrae  aotlona  may 
be  applied  here  with  nore  or  lese  safety.  From 
this  noint  of  Tiew  and  by  a  projection  of  Fajan's 
.  quantitative  measurements  of  stereochemical 
directions  In  other  catalytic  reaetiona.  there  aay 
be  all  degrees  of  difference  in  the  rate  of  these 
two  actions.    At  any  time  in  the  fermentation,  the 
kind  of  lactic  ^'cid  found  will  depend  on  the  pro- 
duct of  these  tvo  Ectiona.    At  the  end  of  the  fer- 
mentation, a  certain  equilibrium  will  exist  between 
the  optical  forms.    The  position  of  this  equilibrium 
point  will  determine  the  proportionate  amount  of  the 
two  optically  active  forms;  Its  position  will  be  de- 
ternlned  by  the  above  conditions. 

Just  whet  the  relative  influence  of  the 
species,  sub.nrate,  and  other  factors  is  upon  the 
direction  of  thr  catalytic  action.  Is  impossible 
to  state.    The  enzyme  of  the  species  is  without 
doubt  the  rnost  important:  however,  from  Hersoe 
and  north's  results  it  seems  that  the  substrate 
may  often  yield  a  quantitative  influence  upon  the 
relative  yield  of  the  two  active  forms.    It  is  very 
possible,  however,  that  the  influence  of  other  fac- 
tors discussed  below  are  not  negligible,  and  may. 


at  tines,  aeanm  Bignlficance  in  the  determination 
of  the  direction  of  the  catalytic  action  and  of  the 
point  of  equilibriuia. 


VII.    Rdie  of  Nitrogenous  Subetancea. 

A«  has  been  shown  under  'Physiology  of 
lactic  acid  bacteria-,  the  amount  and  character  of 
the  nitrogenous  substances  In  t)ie  medium  exert  a 
profound  influence  ur.on  Inctlc  ralcro-organlsms . 
According  to  some  InTestigators ,  a  part  of  this 
Influence  iz  sometiiBea  reflected  in  the  configura- 
tion of  the  lactic  aold  produced  by  the  micro-organ- 
ism. 

The  experiments  of  Keyser{43),  Pere(63) 
Bischler  and  Bl/ich8tein(05) ,  and  others,  suggested 
thet  an  intimate  relation  may  exist  between  the  Wnd 
of  lactic  acid  and  the  source  of  /iltroKen  offered  to 
Boine  Icctic  acid  bacteria.    By  alterinf^  the  amount 
and  character  of  the  nitrogen  nourislmient,  different 
Qodificrtions  of  lactic  acid  were  produced.  Bertrand 
and  DuchBceV's  (Tb)  experiments  with  B.  tulgarlcus 
also  show  a  decided  influence  of  slight  change  in 
the  character  of  nitrogeaous  food  in  the  medium. 
In  rallk,  a  mixture  of  raecmlc  and  dextro  lactic 
Bcid  was  produced;  in  lactose  broths,  the  racemic 
form  alone . 

On  the  other  hand,  other  investigators 
report  no  difference  in  the  fom  of  lactic  acid 
produced  in  Trctic  acid  ferTontP.tlon  trtedia  oontaln- 
inp  different  sources  of  nitrogen.    Xo2ai(46)  found 
subntitutlon  of  amrsonlum  salts  or  ssnarsfyin  was 
without  influence  upon  nndlf icntion  of  laotic  o-old 
produced  in  his  cultures.    Harden (29a)  obserred  in- 
different effect  of  substitution  of  asoartlc  acid 
for  peptone.     JenBen(40)  reports  that  all  of  the  many 
strains  studied  by  him  yielded  products  atereoeheml- 
cally  alike  in  osdia  offering  different  sourcca  of 
nitrogen,    liilk  as  a  nicdiuTi  gave  same  modification 
of  lactic  acid  as  different  nutrient  broths. 


Vlll.    Influence  of  Temperature, 

Although  Pere(63)  and  other,  have  reported 
observations  of  a  change  1„  optical  for™  of  lactic 
acid  produced  by  the  same  organism  m  lactic  acid 
fermentations  at  different  temperatures,  the  influ- 
ence of  temperature  la  probably  slight.  If  any.  m 
pure  cultures. 

In  many  mixed  cultures  ita  ircP-i^i.^^^ 

by  those  dominant  when  the  system  was  at  a  lower 
temperature,  there  would  be.%f  coi;?:*?  a  cJlJ^I 
Jna  °^         product.    The  confjfct- 

Thlele{72J  and  others),  as  to  the  form  of  lactic 
ecld  In  naturally  soured  milk  are  probably  due  tJ 
a  Change  In  the  dominant  lactic  group  ♦Anvoth.r 

?lrt'l'll        '"^f  °^  the^e;;r;onm^S"°i?"d 

^rt-^f^^fJ  influence  upon  the  stereochemistry 
?Lif°*i?  fermentations  Induced  by  a  mixed 

■taoxio  rxora. 

<«-+ov*n*^"         r^^'  °^         apparent  relative 
Instability  of  solutions  of  lactic  acid,  as  shown 
by  Nef(58).  the  influence  of  temperature  upon  tS 
equilibrium  point  of  a  system  containing  both  opti- 
cal forms  of  lactic  acid  cannot  be  entirely  ignored 
However.  It  is  probably  rare  that  this  factor^!-' 
rests  an  appreciable  change  in  the  optical  form  of 
pure  culture  lactle  acid  fenaentatlon. 


«-  ^  "temperature  Relations  of  Different 

Oroups  of  Lactic  Acid  Bacteria-.  "Role  of  Species- 
Stereochemical  Lactic  Acid  Fermentation".  Intro-  ' 
auction  to  "Microbial  Associations  in  Lactic  Acid 
Fermentation ". 


IX.    other  Influences. 


J4      ^  PotteTin(64)  claimed  that  any  condition 
tending  to  alow  growth  or  hindrance  of  the  life 
processes  of  the  lactics,  such  as  lowering  ayailable 

njedium,  raising  of  tempera- 
tur,  addition  of  antiseptics,  or  eren  a  substrate 
offering  greater  resistance  to  fermentation,  faTored 
the  production  of  lero  lactic  acid. 

,  „    Bischler  and  Dzierzgow8]£i(86)  reiDort  on 
the  Influence  of  oxygen  concentration  upon' modifi- 
cation of  the  lactic  acid  produced  by  Staphylococcus 
aureus.    They  claim  that,  under  usual  oxygen  condi- 
tions, the  organism  produced  racemic  lactic  acid' 
under  other  conditions,  an  excess  of  one  of  the  op- 
tical components. 

Jensen(40)  gives  examples  of  the  influence 
of  continued  cultivation  of  lactic  acid  bacteria  upon 
the  optical  modification  of  their  products.  Lacto- 
■bacilli,  which  when  freshly  isolated  yielded  mixtures 
of  dextro  lactic  acid,  together  with  larger  or  small- 
er amounts  of  the  levo  forra,  were  found  after  several 
years  to  produce  only  dextro  lactic  acid.    This  oc- 
curred without  any  loss  in  the  total  acid  producing 
powers  of  the  organism. 

It  is  not  safe  to  dismiss  entirely  the 
possibility  of  the  influence  of  other  conditions. 
It  is  within  reason  to  suppose  that  the  presence  of 
other  products  of  the  life  processes  of  the  lactic 
•old  bacteria,  some  of  which  undoubtedly  are  opti- 
cally active,  might  sometimes  impose  a  certain  in- 
fluence upon  the  direction  of  the  catalytic  action. 


X.    (Question  of  Kquillbriura  Between  Rates. 

The  whole  question  of  the  oonf igtiration 
•f  lactic  acid  produced  in  any  system  seems  to  be 
largely  a  question  of  equilibrium  between  rates  of 
production  of  the  two  optically  active  forms.  The 


final  equlXlbrlum  point  mmmmm  to  be  d.i>t«r«in(Kl 
largely  by  the  etusyms  of  the  apeoles  and  by  Ui* 
aubstrate,  alfaao»  it  a«e«8  probable  that  at  tidies 
it  May  be  displaced  to  a  certain  extent  hy  any 
Oianee  in  the  eyBteau    (This  dlsplaceiiient  wjuld  not 
be  approolable  in  the  caao  of  lactic  acid  bacteria 
wJiich  under  usual  conditions  ja-oduoe  apparently 
only  one  of  the  optical  nodi  fie  itians  in  ei^nificant 
aroounts  . } 


XI,    neviev  of  Factors  Involved  in  the  llechanism 
of  Biolegioal  Resolution. 


'?swiy  of  the  sacie  f  vCtors  are  probably 
Involved  in  tlie  deteraination  of  tho  equilibrium 
poinL  attained  in  ayate.aa  in  ^lioh  biolojjical 
reoolutlon  takeo  -Dlace,  -lo  in  tlie  cooo  of  oterao- 
cho  .  10.-50.  lactic  acid  fernontition.      Lar/jel^r  Tor  that 
r«;i8on,   the  follevln,;  reports  are  given  in  fchio 
place.      VThlle  none  of  theoe  obaervatiano  h.tve  been 
rjiidG  in  otudies  of  t^:0  resolution  of  lactic  aciu, 
an  intellisent  undorat  indin.;  of  the  bloloijlcal 
resolution  af  Iriotic  acid  requires  at  least  :x  consi- 
deration of  t.he  factors  w}:ich         condition,  or 
even  doteraine,  the  operation  of  thos*  forceu  wiiich 
arc  responsible  for  tr>e  eeaolution  of  any  raceiiic 
xaixtiire. 

iliG  princlpU  object  of  the  following 
■par^:x-(vpha  is  to  suecest  that  tl*  biologicpJl  n.solu- 
tion  of  luetic  acid  (or  ef  other  ooiiq:;ounds }  is 
probably  also  a  question  of  differences  in  rates 
and  of  final  equilibrium.      Heoent  investicationo 
preaent  facts  niiieh  tend  to  a  leso  strictly  defined 
course  of  the  process  of  biological  resolution  of 


J'aewnic  uixturea;    and  videh  suf^est  that  the  eourse 


«r  tMo  p.oe«..  (qualitative 
or  quantitative)  i„  the  r*,olvin,-  ^^.t«. 

reported  an  observation  which  wh,  net  in  aeoord  .ith 
the  ea^ii«,  e^^tiono  of  th.  atorooo ...lo^  rolaUon. 
of  en^yrm*  a«d  of  livi^.  organierno. 

their  B.  oS^fH^  ''J?^  cultu^-es  of 

Other  cxEE^los  have  been  fiarnlahed  by  more 
recent  Imreetieationa.  irtxich  show  that  neither  the 
action  ef  ensyaee  not  of  llvir^  orgaBl*^  ne«l  be 
limited  to  an  attack  upon  one  of  teo  eniintienarphe. 

-nayllee  (1915)  reports  ttmt  tliere  are  raany 
«a«w  kne^  where  llvinij  oremi>ie:ae  ooneuae  preferably 
the  one  looser,  but  upon  ite  die^pearance  aleo 
attack  the  other.     Dex  and  Nedlg  {1912)  fou„d  that 
extracts  of  Aap.  niger  hy<iroly«e  both  A  and  B-mtl^l 
glucoaldes.     Such  pheaaBieiw  «.e  in  keeping  with  the 
dynar.>ic  explanations  of  the  direotlon  other 
•tereocliemieal  oatalytlc  reaotlone,  which  have  beea 
elt^  in  the  discussion  of  t^ie  "??elatlon  of  SBay;aa 
and  Sttbotr  te  to  t?ie  J-odificatlur,  of  Lactic  Acid 
Produced*  (eepeci^aiy  th  tt  of  ?nj  ^  (1910)). 

In  a  cortoidoratlon  of  tiie  r^c.'mnltrea  of  tlie 
biological  resolutier.  of  r  iCOiaeB,  tlie  effect  of  the 


presence  of  other  optic.aiy  activi  cui^stLwcea  is 
not  a  neelifjible  f-ictor. 

4    .«     *      SPleiKwyor  (190G)  i>poserits  reaulta  v:jc.- 
indioate  that  tJ^ie  presence  of  m  optic=aXy  eUye 
ouoatance  (in  itself  inUifferent)  ojin  influence  tJie 
posBluility  of  the  action  of   xn  opticraiy  active 
enay:ae  upon  the  aTpropriate  cej^nant  of  a  raeei*. 

In  an  analysis  of  the  factor 3  involved  in 

the  resolving  of  raoe:slc  alaturae  in  certain  ayetaae. 

it  is  neee8»;iry  to  include  also  ths  factors  widci  ar  ^ 

involved  in  recaaiaation. 

It  will  be  recalled  that  both  cheialcjil  and 
P^'sical  c>'an,:-ee  in  a  syete  i  o      at  leust  aocels«'ate 
the  raceais-.atiori  of  ©(b-taln  subet-rxnees.      It  mat 
'5lBo  b©  aoknowledi-ted  that  tiierc  is  a  poooibility  of 
r-icfe'iization  and  reaolutior;  occur-rint:  in  tiic  a  ioe 
syateEt,  or  at  le  ist  tliat  it  laa^  be  poesible  for  the 
one  proceas  to  *e  induced  or  acuelfapateu  by  c-ian^jo* 
b?"ou.:;unt  about  in  the  systGci  by  tho  action  ol  t  e 
agent  of  t:«  other* 


Many  of  Vie  unesErlainod  probleiae  of  biological 
resolution  are  probably  intiti-ately  rulaiied  md  pooaibly 
dependent  upon  tha  mta^  Btili  unsolved  probloLia,  which 
are  jrrouped  toc'Otlier  under  t  e  t.'r«.  of  ste.ic  hindrance. 


Anoimr  OP  LACTIC  Acn)  womm. 


Z.    Ilelation  of  Lactic  .\cid  Production  t« 
'FToaigfonaatlon. 

1.  Theoretical  yield* 

a.  nicH  auga?  content  of  OtTl cultural 
lactic  acid  foriiontatlon  mdi.-i, 

b,  Masfi  rolationahip. 

2.  Actual  yield. 

a.  ^'ifficlenogr  of  rai^ar  attack. 

b.  Factor o  conditioning  afficif^noy  at 
*atlo  of  ii^  :.  '  <■■  cid 

or*  "vce 
(Opeciee,  c  u         .u*ato,  and  secondary 
reactions) . 

II*    Ataount  of  Lactic  Acid  ForTned. 
(Data) 

III.    7aetor8  ^Cnfluencing  /V^unt  of  Lactic  Acid 
Formed* 

1.    Kachawtlon  of  magMt* 

2*    Limitation  of  &aaym»  action, 
a*  Species 
b.  Substrate. 
e«  ireutraliaation. 
d.  Te:ig;>e!rttture. 
o.  7eed. 

3*    Degree  of  eoiupleteneos  or  t;>e  reaction. 


c.   AaoosT  oy  i,.«t2c 


I.    nvd^tio]}  of  XjMtie  Aeid  nroduotlon  to 
Sugar  l^aiWKfoaraiatlori. 

X»    Ihcorotleal  yield. 

Hm  lih«oretieal  yield  of  1  leti*  adld  tstom 
i3im  tm^mtAtion  of  a  ec^tain  uas»  of  wRgap  r*qttlr«ft, 
as  1«  tha  eajB«  in  wqt  ehealeal  rvrxotion,  that  the 
rcaeiion  go  to  ootai^etien,  %Sv%t  aane  ef  Vb»  m^war 
•^stmte  be  diverted  Into  other  reaetiona  tban  thee* 
yielding!  luetic  a^d,  and  Uiat  nene  of  the  loctie 
ftcid  predueed  enter  into  ot}Mr»  sacdfid'vry  re>!«tiono. 

A  iiearareawt  of  t'»  fin^  ooneontratlon 
of  the  eu^tsrate  «ill  ahev  whether  or  mt  all  o£  the 
sugar  has  b««n  uaed  up       the  life  prooeesea  of  the 
lactiee,  elth^jr  in  the  reaetiona  indueed  ^  their 
IsM&ie  add  feriaentatlon  eai^yoie  or  In  aaa'a*  divert* 
Ing  r  •'letiene,  indttoed  "kv  etlMur  of  t::eir  enaanaes^ 
It  vill  "be  8hd«n  ||ele»  that  v«7  erten  pirt  of  the 
mvsw  dee*  ttot  enter  into  the  re;»eti  on,  or  at  le  ot, 
that  part  of  it  r<»i&ine  imeh^saised  at  the  enA  of  ttio 
reaetioTu      That  t-^lo  la  t'HS  eiae  In  neet  ;vt1c,  Ttiirol 


lactic  acid  feraentatlons  i.  Indicated  by  an  appll- 
cation  of  the  ratioa  given  below  to  the  comparatire- 
ly  high  concentration  of  fermentable  sugar  in  the 
media  of  these  important  agricultural  feraentatlone. 

A  aeasureaent  of  the  final  concentration 
of  the  lactic  acid  product,  together  with  a  compari- 
eon  of  the  initial  and  final  oonoentratlona  of  the 
sugar,  will  glye  data  showing  the  yield  of  lactic 
acid  from  a  definite  nasa  of  the  substrate.  This 
will  take  care  of  the  last  two  factors.  —  the  in- 
fluence of  sugar  diverting  reactions  and  secondary 
reactions  upon  the  lactic  acid. 

According  to  the  oass  relationships  of 
the  equaUons  given  for  -true-  lactic  acid  fenaen- 
tatlon.  the  theoretical  yield  of  lactic  acid  in 
such  fomentations  of  hexoses  and  dextroses  should 
be  ae  follows: 

CfiHigOg  C3H6O3 
180  2(90) 

°12H220ll  ♦  H2O  -» 4  C3HSO3 
342  4(90) 
Prora  the  equations  given  above,  the  aaae 
relationship  between  the  aaount    of  lactic  acid 
produced  from  true  lactic  acid  fermentation  would 


gg.  lactic  acid  produaed 
go.  hexose  fermented 


1; 


1 


St,    Aetxtal  yield. 

a.  £ffieienoy  of  sugar  attack. 
Howarer,  the  reactions  InTolved  in  the 

life  nroeesaes  of  lactic  acid  bacteria  produced 
different  ratios  between  the  amount  of  lactic 
acid  produced  and  the  an»tmt  of  sugar  reiooved , 
(as  such),  frost,  (or  rather,  transforned  in),  the 
system.    This  ratio  nay  be  tensed  the  "fenaentatlon 
efficiency  factor"  of  that  particular  lactic  acid 
fenaentatlon.    In  lactic  add  fersaentation  oedia, 
in  which  the  reactions  are  brought  about  by  "true 
lactic  acid  bacteria",  the  ratio  is  quite  high  and 
the  amount  of  sugar  diverted  to  other  ends  than 
lactic  acid  production  is  slight. 

b.  Factors  conditioning  efficiency  of 

ratio,  lactic  acid 
carbohydrate 

This  relation  would  seem  to  be  dependent 
upon  three  factors  :<—<-  the  strain  of  lactic  micro- 
organisia  and  the  requirements  of  its  life  processes; 
the  ease  of  fermentation  of  the  substrate  by  the 
lactic  acid  bacteria  syiaase;  diverting  reactions,  by 
which  part  of  the  substrate  is  transfonssd  into  pro« 
ducts  other  than  lactic  acid,  and  secondary  reactions, 
by  which  lactic  acia  already  produced,  (both  acid  and 
lactate),  is  transformed  into  other  substrates. 

The  results  of  InTestigatlons  of  Kayser(50), 


Leichmann( reference  SO).  l*lgawmn(80) ,  and  others, 
show  that  most  members  of  the  Streptococcus  lactlcu. 
group  produced  from  0.93  to  0.985  gm.  of  lactic  acid 
P«r  gm.  of  sugar  destroyed*,  or  nearly  the  theoreti- 
cal yield  of  lactic  acid,    lleraog  and  Horth'8(35b) 
experiisente  show  the  distinct  influence  of  the  sub- 
strate upon  the  -fermentation  efficiency  factor". 
They  found  that  the  suia  of  nass  of  substrate  un- 
chanped  plus  lactic  add  produced  is  different  In 
lactic  acid  fenaentation  by  the  same  strain  uyjon 
different  fermentable  sugars.** 

The  question  of  dlrerting  reactions 
recalls  the  facts  stated  in  the  discussion  of 
••Chemical  Processes  InTolved",  that  apparently, 
the  reactions  InTolred  in  "true  lactic  acid  fer- 
■entation"  are  much  laore  complicated  than  those 
represented  by  the  slaple  reaction  formulas  giren 
above.    Apparently,  the  life  processes  of  eren  true 
lactic  acid  bacteria  include  other  reactions  upon 
the  sugar,  by  which  a  certain  small  port  of  the 
total  sugar  trnnsforraod  is  direrted  from  the  sphere 


»  13uclaux  believes  that  at  least  5%  of 
destroyed  sugar  never  appears  in  the  lactic  acid  yield- 
this  would  prohibit  yields  of  more  than         of  stwar 
fermented . 

**  Influence  of  intermediate  substances 
possibly  plays  a  role  in  this  phenomenon. 


of  action  of  the  laotle  acid  producing  ensyae .  The 
TJreduots  of  thooe  side  raectiona  would  include  ^un- 
known other  produotB"  and  traces  of  euch  oubatanoe. 
as  eldehydea,  alcohol,  esters.*  and  acetic  «cid.»» 
The  influence  of  secondary  reactions,  (upon  the 
lactic  acid  Itself  or  upon  lactates).  Is  an  STi- 
deat  one.    Since  they  seldom  sre  of  appreciable 
aoaent  in  true  lactic  a«ld  fewwntaticn.  this  fac- 
tor needs  no  further  djsousolon  than  that  already 
giren  under  "nerarsal  of  Reaction". 

II.    Amount  of  L^tio  Acid  Formd. 

Tba  amount  of  lactic  acid  fonaed  in 
different  lactic  acid  ferments t ions  is  no  Tarlable 
ftnd  80  dependent  upon  the  conditions  existinc  with- 
in, and  surroundinnr  the  system,  that  nothlnfr  'aore 
will  be  fjreaented  at  this  place  th«n  the  following 
data.    These  show  the  amount  foraed  in  the  lactic 
aold  fermentation  of  oonnon  laboratory  ssdia: 


*  Such  products  :rtay  account  for  'aoiir" 
taste  and  odor  of  -Tiilk  which  uaa  undergone  "true" 
laotio  acid  fermentation, 

•*  See  "Acetic  Acid"  —  "Other  '^roduots" 
for  references  and  discussion. 


lUlk:- 


Pbt  Cent  of 
Laotlc  Acid 


■A;-' 

Authority 


Ba«t  laetis  aoldi  (Strep,  laotious} 


The  atooimt  formed  by  soias 
strains  may  be  considerably 
less;  weak  strains  are  report- 
ed to  be  unable  to  produce 
lactic  aeid  in  sufficient 
amunt  to  coagulate  zailk. 


0.9  to  1.25  Ha8tinB8(3la) 
0.4  to  0.9  *  Lolaii8{52)(refJ 
O.Q  to  0.9  ♦*  Van  3lyke  and 
Bake r( 75a) 


laotobaeilli 


Type  A 
"Syi^  B 


Sugar  Broths  :> 

Ths  amount  formed  in  these 
taedia  is  almost  always  less 
than  in  milk,  largely  because 
of  their  smaller  buffer  con- 
tent,   3ee  work  of  Rogers  and 
DaTis.  and  Rogers,  Clark,  and 
Dari 3 (reference 3  under  groups 
of  lactic  acid  bacteria}. 


1.25  to  4.0  HastingsOla) 
0.80  to  3.0      Heineoann  and 

Iiefferan(33b} 
2.70  to  3.7)    White  and 
1.20  to  1.6)  ATery(81) 


MMh:> 

Organisms  of  fermentation  in- 
dustries. 0,8  to  1.9  Hennenberg{6l) 

This  aaotmt  is  increased  by 
the  addition  of  neutralizing 
substauioes  in  many  cases. 


Coioaereial  Preparation  of  lAotio  Aeid. 

Milk  residues,  (whey  or  rsolasses  of  milk  sugar),  ara 
used  in  the  industrial  preparation  of  lactic  aeid.  These 


*  Original  acidity  of  milk  subtracted. 
**  Recalculated  from  the  author's  data. 


are  fermented  in  the  preaence  of  neutralising  aeeats 
girlng  a  large  yield  of  the  aold  (ffRl.nari) 

,  laboratory  preparation  of  laotle  add. 
a  20/»  solution  of  glucose  is  fenaented  in  the  pres- 
ence of  oaloium  carbonate  until  the  sugar  falls  be- 
low 0,4%.CDav,s) 

111.    Faotors  Influenoing  Total  Aaotmt  of 
Laetlc  Aold  Produced. 

Lactic  acid  le  the  product  of  a  bloobes- 

l«al  catalytic  reaction.    The  final  concentration 

of  the  product  of  any  chemical  reaction  depends 

upon  the  initial  concentration  of  the  reacting 

substance  and  the  degree  of  completeness  of  the 

reaction . 

1.    Sxhaustion  of  tho  substrate. 

The  concentration  of  fementable  sugar 
remaining  unattacked  in  the  systems  of  the  most 
Important  af^ricultural  laotio  acid  fermentations 
is  considerably  higher  than  the  final  concentra- 
tion of  lactic  acid  produced,     (Milk,  e.g..  Initial 
concentration  of  sugar,  5%;  final  concentration, 
about  A%;  final  concentration  of  lactic  aold,  usu- 
ally i;^) .    The  amount  of  sugar  diverted  from  the 
lactic  acid  producing  reaction  may  be  Ignored  in 
the  case  of  "true  laetlo  acid  fermentation".  If, 
then,  in  the  lactic  add  fermentation  of  milk,  all 
of  the  sugar  present  entered  into  the  reaction. 


a  much  larger  &iK)unt  of  lactio  acid  would  be  produced 
than  has  been  ahoim  to  be  the  ease.    From  this,  it  is 
eTident  that  the  aaaount  of  lactic  aeld  produced  in 
aost  agricultural  laotic  acid  fermentations  is  not 
limited  by  an  exhaustion  of  the  sugar.    The  elimina- 
tion of  the  influence  of  the  initial  concentration 
of  the  substrate^  leares  the  degree  of  completeness 
of  the  reaction  as  the  determining  factor  of  the  a- 
raount  of  lactic  aeid  produced  in  the  reactions  in- 
▼olYwd  in  most  a/rri cultural  lactic  acid  f amenta- 
tions . 

2.    Limitation  of  enayae  action. 

At  any  tltae  during  the  fermentation, 
the  degree  of  completeness  of  the  reaction  may  be 
considered  as  the  aiaount  of  sugar  which  has  been 
attacked  by  the  ensymes  of  the  lactic  acid  bacteria 
up  to  that  tim,  (the  ordinate  of  the  ourre  at  tins 
t.  in  graphs  shown  before),  under  the  conditions  ex- 
istinn  in  the  system.    In  any  lactio  acid  fermentation 
this  would  be  a  function  of  the  correlation  of  the  cu- 
mulatlre  effect  of  the  conditions  preTailing  in  the 
system  and  surroundings  to  the  biological  properties 


*  This  is  not  meant  to  be  a  definitely 
inclusive  statement,  for  perhaps  it  is  impossible  to 
eliminate  completely  the  factor  of  concentration  of 
the  substrate.    It  is  probable,  however,  that  its  in- 
fluence would  appear  only,  (if  at  all),  in  the  speed 
of  lactic  acid  products.    (See  "Theoretical  Progress"). 


of  thft  laotlo  add  bacteria  (as  shown  under  Physiology). 

Am  shown  above,  the  reaction  xtarer  goes 
to  completion,  the  final  end  point  is  never  reached 
in  coraraon  agricultural  lactic  acid  fermentations. 
Although  feraentable  sugar  is  still  urosent  In  coi»- 
paratively  higli  concentration,  the  reaction  yields 
no  more  lactic  acid  to  the  medlua.    The  final  posi- 
tion of  this  point  is  determined  by  the  limitation 
of  the  catalytic  power  of  the  lactic  acid  bacteria 
zymase,  which  may  or  nay  not  be  at  the  saoB  point 
as  that  of  the  other  life  processes  of  the  lactic. 

3.    Degree  of  completeness  of  the  reaction. 
Hence,  the  final  amount  of  lactic  acid 
produced  in  any  agricultural  lactic  acid  fermentation 
will  depend  u^ion  the  position  of  the  equilibrium  point 
reached  in  the  reaction  producing  lactic  add,  which 
was  discussed  under  '•End  Point  of  the  Fernentation". 
This  equilibrium  point  is  reached  in  most  lactic 
add  fermentations  when  much  lesn  than  half  the  sugar 
is  transformed.    If  means  were  proTided,  (see  "neutral- 
ization**) ,  to  remove  the  reaction  product  from  the  sys- 
tem, the  end  point  oould  be  pushed  far  over  to  the 
right  of  the  equation,    CgHj^^Og  f*-  2  C^HgOg. 

3uch  a  reaction  could  not  be  expected  to 
go  to  completion  in  the  presence  of  its  products,  and 
especially  when  tbs  reaction  product  inactlTatea  the 
catalyst. 
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OTHER  PRODUCTS  OP  LACTIC  ACID  FERMENTATION 

I.    Gfeneral  Discussion. 
1.  Introduction. 

A  logical  limitation  of  a  complete  dis- 
cussion of  products  other  than  lactic  acid  is  re«- 
dered  very  difficult  by  the  indefinite  boundaries 
of  lactic  acid  fermentation  Itself.    As  mentioned 
before,  there  are  many  fermentations  in  which  lac- 
tic acid  is  produced  in  minute  quantities;  in  such 
cases,  a  discussion  of  "other  products"  is,  of 
course,  out  of  the  question. 

In  the  following  discussion,  an  attempt 
is  made  to  divide  these  products  into  general 
groups,  from  the  standpoint  of  their  relation  to 
the  metabolism  and  life  of  the  lactic  bacteria.* 


*  The  writer  realizes  the  more  or  less 
arbitrary  division  which  results.    It  seems,  how- 
ever, that,  based  as  it  is  upon  the  fundamental 
physiological  requirements  of  the  lactic  micro- 
organisms, it  offers  a  convenient,  and  not  illogi- 
cal, basis  upon  which  to  proceed  in  a  specific  con- 
sideration of  the  different  products. 


In  the  first  group  are  placed  those  pro- 
ducts which  are  essential  to  the  growth  of  all 
micro-organisms;  of  importance  to,  and  necessarily 
derived  and  produced  during,  the  life  of  lactic 
micro-organisms  In  any  medium.    In  media  not  offer- 
ing a  substrate  for  the  lactic  acid  fermentation 
process  itself,  the  lactic  would  be  required  to 
derive  and  produce  them  by  action  upon  some  other 
constituent  of  the  system.    In  media,  in  which  the 
lactic  acid  fermentation  reaction  could  take  place, 
the  substrate  of  that  reaction  would  furnish  the 
greater  part  of  the  most  important  of  these  pro- 
ducts; others,  probably,  would  be  derived  in  large 
part  from  other  substances  present  in  the  medium. 

In  the  second  group  are  placed  those 
substances  recognized,  if  not  as  products  of  the 
same  general  metabolic  process,  at  least  as  being 
derived  from  the  same  substrate  as  that  which 
yielded  the  lactic  acid.    Most  of  these  products 
are  not  directly  concerned  in  the  growth  of  true 
lactic  acid  bacteria,  but  merely  appear  as  pro- 
ducts of  a  substrate  which  yielded  energy  to  the 
agent  of  the  fermentation. 


2.    Products  directly  concerned  in  the  metatolism 
of  lactic  acid  tacteria. 

In  the  first  of  the  above  mentioned  groups, 

would  be  included  the  construction  of  cells,  energy, 

and  metabolic  products  of  unknown  origin  and  nature. 

a.  Cell  construction. 

Although  a  small  part  of  the  substrate 
carbohydrate  raa^  be  utilized  as  substance  for  cell 
structure,  the  lactic  acid  fermentation  process 
itself  does  not  produce  material  for  the  building 
of  cells.    The  reactions  by  which  the  carbon  por- 
tion of  the  "food  for  growth",  (which  portion  is 
small  itself),  is  prepared  and  utilized  by  the  cell 
are  reactions  probably  more  or  less  distinct  from 
that  resulting  in  production  of  lactic  acid. 

That  the  portion  of  the  substrate  divert- 
ed to  furnishing  material  for  the  above  mentioned 
purpose  is  very  small,  has  been  shown  by  quantita- 
tive relations  between  the  amount  of  substrate  con- 
sumed and  the  amount  of  acid  products  recovered. 
It  is  probable  that  the  amount  is  even  smaller  than 
has  been  suggested  by  the  above  relation,  due  to  the 
difficulty  of  a  quantitative  recovery  of  all  of  the 
products,  (especially  of  lactic  acid  itself),  and  to 
the  possibility  of  secondary  reactions. 


To.  Biiergy.* 

Since  lactic  acid  bacteria  require,  as  do 
all  organisms,  "energy  to  actuate,  as  well  as  matter 
to  form  their  mechanism",  the  energy  yield  of  the 
lactic  acid  fermentation  reaction  assumes  the  great- 
est significance  in  the  metabolism  of  lactic  acid 
bacteria. 

The  action  of  the  biological  catalysts 
elaborated  by  these  micro-organisms  results  in 
the  reaction,  CgHj^gOg      2  CgHgOg  +  14.7  calories. 
Hence,  lactic  acid  and  energy  are  the  chief  pro- 
ducts of  "true"  lactic  acid  fermentation. 

Lactic  acid  is  utilized  by  so  few  lactic 
acid  bacteria,  it  may  be  considered,  from  a  purely 
physiological  standpoint,  as  a  substance  left  in 
the  system  as  a  by-product  of  the  reaction,  by 
which  the  micro-organism  obtained  Its  desired  por- 
tion of  energy.    Prom  this  aspect,  energy  is  in- 
deed the  fundamental  product  of  lactic  acid  fer- 
mentation . 


♦A  more  complete  discussion  of  the 
importance  of  the  energy  product  has  been  given 
under  "Energy  Transformation",  in  the  discussion 
of  "Chemical  Changes.*' 


c.  Metabolic  products  of  unknown  origin 
and  nature . 

It  is  impoasilDle  to  state  whether  the  un- 
known metabolic  products,  discussed  under  the  "Ind 
Point  of  Lactic  Acid  Fermentation",  are  the  result 
of  the  lactic  acid  fermentation  process,  or  of  re- 
actions involved  in  other  life  processes.  Possibly, 
certain  substances  remain  as  residues  of  carbohydrate 
substrates,  as  suggested  by  Brown;  no  definite  evi- 
dence of  this  has  ever  been  presented  and  it  is 
doubtful  if  these  substances  are  even  of  carbohy- 
drate origin.    From  the  probable  close  relation  of 
at  least  some  of  these  substances  to  toxins,  it 
seems  more  probable  that  they  are  of  protein  na- 
ture and  origin. 

The  "sour*  flavor  or  odor  of  soured  milk 
may  possibly  be  due,  at  least  in  part,  to  other  of 
these  products,  or  to  association  of  such  sub- 
stances and  the  acid.    Van  Slyke  and  Baker  have 
shown  that  it  is  not  due  to  the  lactic  acid  Itself. 
(See  also  "Esters".) 

3.    Products  not  directly  concerned  in  metabolism 
of  lactic  acid  bacteria. 

This  group  of  products  Includes  a  large 
number  of  substances,  whose  importance  in  many  lac- 
tic acid  fermentations  makes  them  worthy  of  careful 
consideration  in  a  study  of  these  fermentations.  In 


many  cases,  these  substance a  are  produced  in  such 
large  relative  amounts  that,  in  some  of  them,  lac- 
tic acid  may  be  regarded  almost  as  a  by-product. 
This  becomes  the  case  in  many  of  the  acid  gas  group 
fermentations.    Although  these  products  are  usually 
produced  in  but  small  proportions  in  "true"  lactic 
acid  fermentation,  the  significance  of  their  pres- 
ence, even  in  small  amounts,  must  be  recognized. 

Many  substances  may  be  included  in  this 
group  of  products:  volatile  acids,  as  acetic  and 
formic;  succinic  acid;  alcohol;  gases,  as  carbon 
dioxide  and  hydrogen;  and  other  products,  as  gly- 
cols, mannitol,  esters,  gums  and  mucilages. 

4.  Factors. 

Different  fermentations  show  qualitative 
and  quantitative  differences  in  the  yield  of  these 
products.    The  chief  factors  conditioning  their 
production  and  relative  proportions  are  the  species 
of  micro-organism,  the  substrate,  oxygen  concentra- 
tion and  other  conditions  in  the  fermentation  system, 
as  well  as  secondary  reactions  upon  initial  products. 

a.  Species  and  enzyme  relations  of  the  species. 
The  products  of  the  fermentations  induced 
by  the  different  groups  of  lactic  acid  bacteria  have 
been  given  before  in  the  discussion  under  that  head- 
ing.   Prom  that,  it  was  evident  that,  even  in  the 
same  system,  different  lactic  acid  bacteria  produce 


widely  different  products  and  these  also  in  varying 
proportions.    It  is  necessary  here  only  to  point  out 
the  general  products  of  each  group,  and  to  pay  par- 
ticular attention  to  the  factors  conditioning  the 
production  of  these  substances  in  the  various  lactic 
acid  fermentations. 

In  the  case  of  the  true  lactic  acid  bacteria 
especially  with  those  of  the  lactic  streptococci  group 
products  other  than  lactic  acid  appear  in  hut  small 
amounts.    In  these  cases,  these  other  products  may 
be  considered,  in  a  way,  as  by-products  of  the  fer- 
mentation.   With  true  lactic  bacteria,  Jensen,  (1919), 
claims  that  the  relative  amounts,  sometimes  even  the 
actual  production,  of  these  by-products  are  deter- 
mined, to  a  certain  extent,  by  the  condition  of  the 
fermenting  agent,  such  as  time  under  cultivation. 
He  claims  that  certain  species  which,  when  freshly 
isolated,  produce  considerable  quantities  of  by- 
products ,  ("tehie  fly  acetic  acid  and  carbonic  acid, 
at  times  also  succinic  acid;  more  rarely  mannite 
and  hydrogen"),  "gradually  lose"  (upon  cultivation) 
"partially  or  entirely,  the  power  of  forming  by- 
products ." 

Although  the  products  of  the  fourth  group 
of  lactic  acid  bacteria  have  not  been  so  definitely 
determined,  it  is  probable  tha€  lactic  acid  is  not 
always  predominant  among  the  products  of  their  fer- 
mentations, and  that  other  products  are  formed  in 


coneideratle  quantities. 

It  has  long  been  known  that  the  acid  gas 
group  of  lactic  acid  bacteria  produce  large  amounts 
of  volatile  acids  and  gases.    Many  of  this  group 
produce  considerably  less  lactic  acid  than  either 
formic  or  acetic  acid.    It  has  been  mentioned  be- 
fore, (see  "The  Lactic  Acid  Bacteria"),  that  the 
difference  existing  in  the  products  of  fermentation 
by  different  members  of  this  group  is  largely  in 
quantitative  relationship. 

If  we  accept  Harden  and  Penfold's,  (1912), 
proposal  of  three  simultaneous  fermentations  in 
case  of  acid  gas  lactic  acid  fermentation  of  glucose, 
the  different  quantities  of  the  various  products  by 
different  species,  under  like  conditions,  is  ex- 
plained as  the  result  of  differences  in  velocities 
of  these  reactions  when  Induced  by  enzymes  of  differ- 
ent micro-organisms.    From  the  standpoint  of  inde- 
pendent reactions,  Gray  (1918)  has  recently  explain- 
ed the  appearance  of  different  or  varying  proportions 
of  products  in  acid  gas  fermentations  as  follows: 
"The  nature  of  the  fermentation  products  and  the  pro- 
portion in  which  these  appear  in  the  final  analysis 
(of  the  fermentation  mixture)  will  depend  on  the  ex- 
tent to  which  the  various  enzyme  actions  cooperate, 
which,  in  turn,  depends  on  conditions,  such  as  con- 


centration  of  salts  and  temperature." 

That  the  species  of  lactic  is  by  no  means 
the  only  factor  is  shown  by  the  stringent  limiting 
conditions  that  must  be  imposed  when  it  is  wished 
to  differentiate  between  lactic  acid  bacteria  by 
means  of  the  products  of  their  fermentations. 

b.  Sabstrate. 

The  substrate  is  an  important  factor  in 
determination  of  the  products  of  lactic  acid  fer- 
mentation, both  qualitatively  and  quantitatively . 
This  is  particularly  evident  in  the  case  of  the  acid 
gas  group. 

(l)  Grin^tts  table. 
While  so  great  a  value  of  the  substrate 
factor  is  unusual,  the  following  table  from  Grimr 
li«rt»s  (1895)  work  gives  an  example  of  the  import- 
ance which  the  substrate  may  assume  in  the  deter- 
mination of  the  different  products  of  some  lactic 
acid  fermentations. 


i 

Organism-—  Bac.  pneumoniae  (FriedlSnder 

SUBSTRATE  PRODUCT'  Su-e^iwU  Ac',J . 

Alcohol      Aeetle  Aeid         Lactic  A6id  CH„COOH 


CgHgOH 

C^COOH 

CjHi,^^  Ch|C00H 

Glucose 

Tf  ace 

11 .06 

Do  .49  /» 

r  *  QO  /o 

16.60 

% 

Jj  A  ^  u  w  o  V  " 

15  00  ?S 

19.53 

% 

Trace              30.73  % 

fflin-  ill  vw  Dv  "  " 

Trace 

35  .53 

r' 

Present 
Not  determined  separately 

S&ccharose 

Trace 

29.53 

% 

43.6  %  (as  lactic  acid) 
Hot  determined  separately 

Atablnose 

36.13 

% 

49.93  % 

Xylo  se 

6.90  % 

23.40 

% 

Trace              19.90  % 

Ifonnitol 

11.40  ^ 

10.60 

% 

36.63  % 

Glycerol 

10.00  ^ 

11.82 

% 

27.32  % 

(2)  Composition  and  structure 
of  sulDStrate . 

Harden  and  associates  explained  quali- 
tative and  quantitative  differences  in  the  products 
formed  by  members  of  the  acid  gas  group  as  largely 
due  to  the  composition  and  structure  of  the  substrate. 


*  Lohni8»  type  species  of  first  group  of 
lactic  acid  bacteria. 


Upon  this  basis.  Harden  and  Walpole  explain 
the  differences  in  the  relative  yield  of  alcohol  and 
acetic  acid,  when  mannitol  and  glucose  are  fermented 
by  B.  coli:  The  greater  yield  of  alcohol  in  the  fer- 
mentation of  mannitol  is  due  to  the  presence  of  one 
more  CHoOH .CHOH  group  in  a  molecule  of  that  substrate: 
the  yield  of  alcohol,  however,  results  in  a  correspond- 
ing decrease  in  acetic  acid  when  compared  to  the  pro- 
ducts of  glucose  fermentation.    The  differences  in  these 
two  reactions,  as  explained  by  the  composition  of  the 
substrates,  are  evident  in  the  following  equations 
proposed  by  these  authorities. 

(1)  aCHpOH ( CHOH )  A  * CHgOH  -^-CgHsOH  +  CHt  *CHoQH  +  other  products 


(2)  2CHp0H(CH0H)4*CH0  +  HqO      CpHgOH  +  CHj'COOH  +  other 

— —  product! 

Glucose  Alcohol 


(1) 


CH2OH 

CHOH  CH2OH 


>C2H50H  +  CO2  +  H2 


CHOH  CHOH 

CHOH      CHOH         2  molecules  of  lactic  acid 


(2) 


CHOH  CHOH 
CHgOH  CHOH 
CHoOH 


CHgOH 


CHOH  CHgOH 


•CHj'CHgOH  +  CO-g  +  Hg 
Alcohol 


CgHgOH  +  COg  +  Hg 


CHOH  CHOH 

CHOH      CHOH         2  molecules  of  lactic  acid 
CHOH  CHOH 
CBO  CHOH 

+  HgO  CHsCaaii:  +  C02  +  Hg 


Adetic 
acid 


The  true  lactic  acid  bacteria,  which  do 
not  produce  other  products  to  so  great  an  extent 
as  the  above  discussed  group,  also  furnish  examples 
of  the  role  of  the  substrate  in  determining  these 
products.    Jensen  points  out  that  the  fermentation 
of  pentoses  by  true  lactic  acid  bacteria  must  yield 
more  by-products  (as  acetic  acid)  than  the  fermen- 
tation of  hexoses.    This  is  required  by  the  compo- 
sition of  the  substrate:  the  hexose  molecule  being 
split  simply  into  two  molecules  of  lactic  acid, 
which,  of  course,  is  impossible  in  a  similar  in- 
tramolecular action  upon  five  carbon  sugars. 

(3)  Intermediate  substances. 
G*ey  (1914)  explained  the  above  differ- 
ences in  the  relative  production  of  alcohol  and 
acetic  acid  in  the  fermentation  of  mannitol  and 
glucose  upon  the  basis  of  intermediate  substances, 
as  intimated  in  the  discussion  of  that  phase  of 
"Chemical  Changes  Involved". 

In  the  case  of  glucose, (see  figures 
given  on -^XjWjd  ,  "Chemical  Changes"),  he  believes 
Intermediate  Substance  B  to  be  acetaldehyde .  He 
suggests  that  the  alcohol  and  acetic  acid  are  de- 
rived in  glucose  fermentation  by  the  following 
action  on  this  intermediate  substance. 

2CH3'CH0  +  H2O  ^  CH3COOH  +  CH3CH2OH 

This  would  give  equimolecular  proportions  of  alco- 
hol and  acetic  acid,  which  is  approximately  the  case 
in  glucose  fermentation. 

He  represents  the  mannitol  reaction  as 

follows : 


Ifeinnltol,  CgH;^40g 
Lactic  acid  ♦—Intermediate  Substance  A  +  2  H* 


I  ■  1 

HCOOH  Intermediate 

Substance  B  ^ 


-»  Alcobol 
(2) 


Alcohol  CH,COOH 
(1)  ^ 
The  excess  of  alcohol,  which  results  in  the 
fermentation  of  mannitol,  he  attributes  to  the  reduc- 
ing action  of  the  two  atoms  of  hydrogen,  (which  are 
left  after  the  formation  of  intermediate  substance  A 
from  mannitol,  but  not  from  glucose),  upon  intermed- 
iate substance  B.    Thus,  there  are  two  reactions  pro- 
ducing alcohol  in  the  fermentation  of  mannitol,  as 
compared  to  one  yielding  that  substance  in  the  fer- 
mentation of  glucose:  (1)  formation  of  alcohol  and 
acetic  acid  in  equimolecular  proportions  from  inter- 
mediate substance  B  (as  in  glucose  fermentation^  (2) 
in  addition,  a  production  of  alcohol  by  the  reduction 
of  another  molecule  of  intermediate  substance  B  (CH,CHO 
+  2  H  ^CH3CH20H),  by  the  reducing  action  of  the  two 
excess  hydrogen  atoms  furnished  by  the  mannitol  mole- 
cule . 

In  his  latest  work,  (1920),  Grey  empha- 
sizes, in  a  more  conclusive  manner,  the  role  of 
nascent  hydrogen  in  the  production  of  the  different 
products.    He  is  able  to  show  that  the  relative  pro- 
duction of  succinic  acid,  acetic  acid,  and  alcohol 
depends  upon  the  degree  of  reduction  brought  about 
by  hydrogen. 

c.  Oxygen  concentration. 

The  effect  of  oxygen  concentration  upon  the 
products  of  lactic  acid  fermentation  may  be  considered 
from  two  standpoints;  influence  upon  biological  pro- 


*  Written  as  atomic  H  to  show  that  it  is 
Intramo le  cular . 


cesses  of  the  lactics,  or  influence  of  secondary 
chemical  reaction  of  oxygen  upon  the  initial  pro- 
ducts after  their  formation. 

Ptom  whatever  aspect  considered,  experi- 
ments of  Kayser  and  others  already  discussed  show 
that,  in  most  cases,  under  low  oxygen  concentration 
conditions,  there  is  a  relatively  less  amount  of 
products  other  than  lactic  acid,  than  when  the  fer- 
mentation is  carried  on  in  systems  of  high  oxygen 
concentration . 

A  recent  report  by  Zoller  and  Clark  on  the 
production  of  volatile  acids  "by  dysentery  bacilli  em- 
phasizes the  importance  of  the  influence  of  oxygen 
concentration  in  the  relative  production  of  these 
acids . 

The  quantitative  relationship  between  the 
gases  produced  in  lactic  acid  fermentation  by  the 
acid  gas  group  has  been  established  under  anaerobic 
conditions,  because  of  the  influence  of  oxygen  con- 
centration.   Keyes  and  Gillespie  have  shown  that  the 
relative  proportion  of  gaseous  products  formed  in 
fermentation  of  dextrose  by  B.  coli  varies  under  dif- 
ferent oxygen  concentrations. 


d.  Secondary  reactions. 

The  influence  of  secondary  reactions  upon 
the  relative  proportions  of  these  products  is  evident 
and  important.    It  is  of  special  moment  in  the  pro- 
duction of  acetic  acid  from  lactic  acid,  the  decom- 
position of  formates,  the  reduction  of  accumulated 
mannitol,  etc . . 


e.  other  conditions  in  the  environment. 
The  work  of  many  authorities  shows  that 
still  other  environmental  conditions  at  times  play 
a  definite  role  in  determining  the  relative  quanti- 


ties of  these  products.    Among  these  conditions  are 


temperature  (Barthel)  and  hydrogen  ion^ concentration 
of  the  system  (Jensen). 

II.    Specific  Consideration  of  Important  Products. 

1.    Succinic  acid  and  other  products  not 

usually  present  in  large  amounts. 

Succinic  acid  is  formed  to  considerable 

extent  even  by  some  "true"  lactic  acid  bacteria, 

as  the  lactobacilli .     (See  "Lactic  Acid  Bacteria). 

This  product  assumes  importance  in  the  study  of 

cheese. 

The  production  of  esters  and  other  similar 
substances  has  been  observed  in  the  media  of  import- 
ant agricultural  lactic  acid  fermentations.  Although 
usually  representing  but  a  small  proportion  of  the 
products,  their  presence  assumes  Importance  in  the 
flavors  and  odors  contributed  by  small  amounts  of 
such  substances.    Their  production  may  be  due  either 
to  life  processes  of  the  lactic  organism  or  to  second- 
ary reactions  between  other  products  of  the  lactic 
and  constituents  of  the  medium.    No  evidence  has  been 
presented  to  establish  the  actual  origin  of  the  sub- 
stances or  the  substrate  from  which  derived. 

iiahy  of  the  substances  Which  might  fall 
under  the  above  heading  are  such  common  products  of 
bacterial  metabolism  and  are  usually  present  in 
such  small  amounts  that  in  many  cases  they  may  be 
considered  more  as  products  of  other  life  processes 


of  lactic  acid  bacteria  than  of  lactic  acid  fermen- 
tation Itself. 

The  products  discussed  in  the  following 
pages,  however,  are  quite  abundant  in  lactic  acid 
fermentations  induced  by  lactic  acid  bacteria  of 
the  acid  gas  group.    They  probably  are  produced, at 
least  in  part,  by  the  direct  and  more  or  less  sepa- 
rate action  of  enzymes  on  the  sugar  within  the  cell, 
as  explained  under  the  discussion  of  "Chemistry  of 
the  Change",  or  possibly  by  still  other  reactions. 
Their  relative  proportion  is  decided  by  the  condi- 
tions named  above. 

2.  Acetic  Acid. 

a.  Production  by  the  different  groups  of 
lactic  acid  bacteria. 

The  "true"  lactic  bacteria  produce  but 
small  amounts  of  this  product.    However,  even  the 
Strep,  lactlcus  group,  whose  close  approach  to  a 
pure  lactic  acid  fermentation  Ifta^  earlier  authori- 
ties to  believe  that  lactic  acid  was  the  only  acid 
produced  in  their  fermentations,  have  been  shown  to 
produce  small  amounts  of  acetic  acid.  (See  references 
under  "Lactic  Acid  Bacteria").    The  properties  of 
this  product  make  even  these  small  amounts  important 
in  many  agricultural  lactic  acid  fermentations. 

On  the  other  hand,  man^  organisms  of  the 
acid  gas  group  produce  much  greater  quantities  of 
acetic  than  of  lactic  acid  (Ayers  and  Rupp) .  In 
certain  eases,  the  relative  yield  of  acetic  acid 
In  some  of  these  fermentations  reaches  such  propor- 
tions that  a  discussion  of  these  processes  really 


belongs  to  a  study  of  acetic  acid.  Kruse  calls  such 
fermentations  "anaerobic  acetic  acid  fermentations." 

b.  Method  of  production. 

In  "acid  gas  lactic  acid  fermentations", 
according  to  Harden  and  Penf old's  proposed  simul- 
taneous reactions,  acetic  acid  arises  as  a  direct 
product  of  a  certain  enzyme    acting  upon  a  hexose 
molecule : 

Kruse  proposes  the  same  equation  for  his  "anaerobic 
acetic  acid  fermentation."    From  the  above  stand- 
point, the  relative  proportion  of  acetic  acid  would 
depend  upon  the  speed  of  that  reaction  as  compared 
to  those  induced  by  the  competing  enzymes  upon  the 
same  substrate. 

If  Grey's  theory  of  intermediate  substances 
is  accepted,  (see  "Chemical  Changes"),  the  proportion- 
ate yield  of  acetic  acid  would  depend  upon  the  relative 
velocities  of  the  competing  reactions  upon  the  inter- 
mediate substances. 

Kruse  proposes  still  other  formulas  for 
the  production  of  this  substance  by  direct  enzymatic 
action  upon  glucose: 

CgH^gOg  +  2  HgO  ->  2  CH3COOH  +  2  CO2  +  4  H2 

CgHj^gOg  +  H2O  -»  CH3COOH  +  C2H5OH  +  2  HCOOH* 


*  Same  as  that  first  proposed  by  Harden  (1901). 


It  has  been  shown  that,  in  many  cases, 
acetic  acid  is  derived  as  a  product  of  secondary 
reactions  upon  lactic  acid.    Kruse  gives  the  follow- 
ing equation  to  represent  the  production  of  acetic 
acid  by  incomplete  oxidation  of  lactic  acid: 

°3^6°S      ^  °  -^2H402 

Peterson  and  Fred  propose  the  following 
to  represent  the  formation  of  acetic  acid  by  second- 
ary reactions  upon  lactic  acid. 

CHjCHOH'COOH  ^  CH3COOH  +  COg 

c.  Factors  conditioning  its  production. 
It  has  been  shown  above  that  the  relative 
production  of  acetic  acid  is  dependent,  to  a  large 
extent,  upon  the  species  acting  as  agent  of  the 
fermentation.    The  experiments  of  Kayser  (1894) 
showed  that  other  factors  are  also  involved,  such 
as  the  presence  of  neutralizing  substances,  sub- 
strate, oxygen  concentration,  and  length  of  time 
of  the  fermentation.    Puchakek  (1904)  has  shown 
that  a  greater  relative  yield  of  acetic  acid  is 
obtained  under  aerobic  conditions  than  in  systems 
of  low  oxygen  concentration.    Unfavorable  environ- 
mental bonditions  have  been  reported  to  result  in 
greater  yield  of  acetic  acid  in  fermentations  brought 
about  by  true  lactic  acid  bacteria  (Barthel,  Jensen). 


Examples  of  the  production  of  acetic  acid 
from  secondary  reactions  upon  lactic  acid  have  been 
reported  by  a  number  of  investigators  (Kayser,  Jen- 
sen, Fred  and  associates,  and  others).    The  relative 
yield  in  these  cases  would  be  dependent  upon  the  re- 
lation between  the  products  of  these  reactions  at 
the  time  of  analysis. 

3.  Alcohol. 

a.  Production. 

Formation  of  alcohol  is  rare  (Duolaux),  or 
frequent,  but  present  in  small  sunounts  (Kruse),  in  fer- 
mentations brought  about  by  the  "true"  lactic  bacteria. 
In  the  fermentations  of  the  acid  gas  group,  it  is  an 
almost  constant  product. 

b.  Factors  determining  its  relative  production. 
In  the  determination  of  the  relative  pro- 
portion of  this  product,  the  same  factors  enter  as 
those  discussed  above,  under  "Acetic  Acid".  Among 
these  factors,  the  most  important  are  species  and 
substrate . 

The  importance  of  the  substrate  in  par- 
ticular reference  to  relative  alcohol  production  in 
different  fermentations  has  been  discussed  before. 
It  is  especially  evident  in  the  work  of  Harden  and  of 
Grey. 


An  example  of  the  influence  of  the  species 
is  furnished  by  Harden  and  Walpole,  who  claim  that 
B .  aerogenes  produces  an  excess  of  alcohol  at  the  ex- 
pense of  that  part  of  the  glucose  molecule  which  yields 
acetic  and  lactic  acids  when  fermented  by  B.  coli. 

Fermentations  in  which  alcohol  is  an  impor- 
tant product,  Kruse ,  (p.3l6),  terms  "alcoholic  fermen- 
tation by  bacteria",  of  which  he  furnishes  an  extensive 
discussion  with  references  to  the  original  literature. 

4,    Formic  aeid. 

a.  Origin  and  production. 

Formic  acid  is  produced  in  considerable 
amounts  in  many  of  the  mixed  fermentations  commonly 
included  in  the  broad  term  lactic  acid  fermentation. 
With  some  members  of  the  acid  gas  group,  the  amount  of 
formic  acid  far  exceeds  that  of  lactic  acid  (Ayers  and 
Rupp)  .    The  formic  acid  production  by  dysentery  bacilli 
has  been  recently  studied  by  Zoller  and  Clark,  who  sug- 
gest that  the  large  yield  of  that  acid  by  these  bac- 
teria may  indicate  a  possible  source  for  its  commer- 
cial preparation. 

If  Harden' s  simultaneous  reactions*  are 
accepted  for  the  acid  gas  fermentation,  the  large 
amounts  of  formic  acid  produced  by  certain  of  the 


♦  see  equations  given  laider  "Chemical 

Changes" . 


acid  gas  group  can  be  explained  by  assigning  a  greater 
relative  velocity  to  the  formic  acid  producing  reaction 
in  their  fermentations. 

Kruse  presents  equations  of  still  other 
reactions  by  which  formic  acid  may  arise  in  mixed 
acid  fermentations. 

CgHj^gOe  ■••  ^         ^6  HCOOH  +  6  H2 

CgHj^gOg  +  3  H2O  ->^6  HCOOH  +  3  CgHgOH 

b.  Relative  ajnounts  dependent  upon  equili- 

brium between  rates. 

The  amount  of  formic  acid  present  in  the 
medium  is  not  only  dependent  upon  the  determining  con- 
ditions of  its  formation,  but  also  upon  secondary 
changes  by  which  it  is  decomposed  after  its  initial 
formation.    In  these  cases,  the  quantity  of  formic 
acid  present  in  the  fermentation  system  at  any  time 
will  be  dependent  upon  the  equilibrium  then  exist- 
ing between  the  reactions  producing  It  and  those 
by  which  the  acid  and  its  salts  are  decomposed. 

c.  Secondary  reactions  by  which  formic  acid 

is  decomposed. 

In  many  cases  the  formic  acid  is  attacked 
by  bacteria  (which  first  produced  it),  according  to 
the  equation, 

HCOOH      CO2  +  Hg 

Many  acid  producing  bacteria,  which  are 
closely  related  to  the  aerogenic  members  of  the  first 
group  of  lactic  acid  bacteria,  are  not  able  to  decom- 
pose formic  acid,  and  hence  do  not  produce  gas.  This 


relation  is  of  diagnostic  value  in  the  differentiation 
of  B.  ty-phoeus  and  B.  coli  (and  other  sub-groups  of 
intestinal  bacteria)  . 

A  large  part  of  the  formic  acid  produced 

usually  exists  in  the  medixun  as  formates. 

As  shown  under  "Reversal  of  Reaction", 
many  bacteria  are  able  to  attack  these  salts  and 
transform  them  into  carbonates  and  bicarbonates . 
It  will  be  recalled  that  Ayers  and  Rupp  explain  the 
"methyl  red  test"  upon  the  substitution  of  carbonic 
acid  for  formic  acid  as  the  restilt  of  these  reactions. 

Kruse  gives  a  more  complete  discussion  of 
the  production  of  formic  acid  by  bacteria.    He  also 
furnishes  a  review  of  the  earlier  work  on  these  fer- 
mentations . 


5.    Carbon  dioxide  and  hydrogen, 
a.  Origin. 

Carbon  dioxide  and  hydrogen  are  the  most 

frequent  gaseous  products  of  microbial  metabolism. 

Carbon  dioxide  production  need  not  in  all  cases  be 

the  result  of  acid  destruction  of  carbohydrate,  and 

it  is  possible  that  at  least  small  quantities  are 

formed  by  the  life  processes  of  all  micro-organisms. 

That  small  amounts  of  gas  are  either  pro- 
duced, or  in  some  way  liberated,  in  milk  cultures  of 
lactic  streptococci,  is  a  rather  frequent  laboratory 
observation.    Probably  this  gas  is  carbon  dioxide,  as 
interpreted  by  Jensen  (1919),  who  makes  the  following 
statement.    "The  majority  of  the  true  lactic  acid  bac- 
teria, which  do  not  develop  any  measurable  quantity 

of  gas,  can,  however           likewise  when  in  a  state  of 

particular  vitality           produce  in  milk  so  much  car- 
bonic acid  that  fine  stripes  appear  in  the  curd." 


Hydrogen,  however,  is  a  characteristic 
product  of  carbohydrate  decomposition  by  bacteria 
and  is  found  constantly  in  acid  gas  fermentation  of 
sugars . 

Both  these  gases  are  produced  in  the  usual 
acid  gas  lactic  acid  fermentation;  their  formation 
there  is  probably  due  to  the  splitting  of  formic  acid 
by  the  reaction  given  in  the  discussion  of  that  pro- 
duct.   Grey,  (1920),  however,  is  not  so  sure  that 
carbon  dioxide  and  hydrogen  arise  from  the  fermenta- 
tion of  pre- formed  formic  acid.    He  reserves  a  definite 
statement  on  this  point  until  the  publication  of  an 
investigation  now  in  progress. 

Kruse  proposes  several  other  reactions  as 
the  origin  of  these  products.    Among  them  is  the  equa- 
tion, 

CgH^2°g  +  6  HgO      6  CO2  +  12  H2  -  147  calories* 


*  Reactions  yielding  a  complete  oxidation  pro- 
duct as  COg  are  seldom  endo thermic.    In  this  case  it 
is  due  to  the  great  amount  of  energy  absorbed  in  the 
production  of  hydrogen.    Such  a  reaction  might  as  well 
be  considered  as  a  reduction  of  the  complete  oxidation 
product  H2O,  which  would,  of  course,  be  an  endo thermic 
reaction. 

This  is  exactly  the  same  thing  as  is  seen 
in  the  energy  relations  of  lactic  acid  fermentation; 
Here,  there  is  both  oxidation  of  the  sugar  and  reduction 
of  the  water,  Just  as  In  lactic  acid  fermentation  there 
is  oxidation  of  one  carbon  group  and  reduction  of  another; 
in  this  case,  however,  the  amount  of  energy  absorbed  by 
the  reduced  substance  overcomes  that  liberated  by  the 
oxidation  of  the  other,  resulting  in  an  endo thermic  re- 
action. 


Such  an  endothermlc  reaction  could  proceed 
only  in  the  presence  of  other,  strongly  exothermic, 
reactions . 


h .  Reltio  tetveen  these  gases. 

As  these  two  gases  are  usually  present 
together  in  the  fermentation  products,  their  quanti- 
tative relations  have  occasioned  much  research,  result- 
ing in  the  determination  of  this  ratio  for  a  large 
numl^  of  strains  of  acid  gas  feacteria  (Rogers,  Clark, 
and  Davis) . 

Together  with  the  methyl  red  test,  the  ratio 
Isetween  carton  dioxide  and  hydrogen  furnishes  the  test 
basis  upon  which  to  divide  the  first  group  of  lactic 
acid  bacteria  into  sub-groups  (Rogers,  Clark,  and  Davis). 
When  cultivated  under  strictly  anaerobic  conditions, 
the  fermentation  of  glucose  yields  COg  ratio    of  1.06 

for  organisms  of  "low  ratio"  group  (B.  coli),  while  a 
higher  value  of  COg  is  manifested  in  the  fermentation 
H  is 

products  of  the  "high  ratio"  (B.  aerogenes)  group. 

Although,  with  this  group  of  bacteria,  the 
gases  usually  occur  together,  as  would  be  expected  if 
they  arose  by  splitting  of  fermentation  acid,  there 
are  acid  gas  fermentations  in  which  hydrogen  is  formed, 
but  not  carbon  dioxide.    The  sub-group  responsible  for 
these  fermentations,  Rogers  terms  the  "infinity  ratio" 
group . 

Fred,  Peterson  and  Davenport  found  large 
yields  of  carbon  dioxide  among  the  products  of  their 
pentose  fermenting  organisms .    Here  they  observed  a 
striking  example  of  the  fallacy  of  gas  measurements 
by  the  fermentation  tube.    Although  as  much  as  27% 
of  glucose  wai  converted  into  carbon  dioxide,  no  gas 
accumulation  occurred  in  the  closed  arm  of  the  tube. 


For  a  complete  discussion  of  origin  and 
production  of  these  gases,  see  the  work  of  Harden 
and  associates,  and  Rogers,  Clark,  and  associates, 
in  the  case  of  the  acid  gas  group;  Kruse ,  for  gen- 
eral bacterial  production;  Fred  and  associates,  by 
pentose  fermenters. 


6.  Glycols. 

a.  Production. 

In  the  discussion  of  the  chemical  changes 
involved  in  lactic  acid  fermentation  it  was  stated 
that  the  reaction  upon  the  sugar  often  yields  other 
products  than  those  appearing  in  the  equations  sug- 
gested.   By  analysis  of  the  fermentation  products 
of  B.  coli  fermentation  of  glucose,  Harden  and  Wal- 
pole  found  that  the  products  given  in  equation  7 
(under  "Chemical  Changes"))  do  not  accoimt  for  all 
the  carbon  in  the  sugar,  and  that  part  of  it  en- 
tered into  the  production  of  a  crude  glycol. 


b.  Oxidation  of  glycols  by  certain  lactic 
acid  bacteria. 

The  production  of  this  substance  deserves 

a  brief  discussion,  as  it  furnishes  the  basis  for 

one  of  the  methods  of  distinguishing  between  the 

most  common  members  of  the  organisms  included  in 

our  first  group  of  lactic  acid  bacteria. 

In  1898  Voges  and  Proskauer  had  observed 
the  formation  of  an  eosin-like  fluorescent  color, 
by  the  addition  of  potassium  hydroxide  to  sugar 
broth  cultures  of  certain  micro-organisms.  They 
found  the  color  change  was  not  due  to  action  of  the 
alkali  upon  the  sugar,  but  evidently  to  some  action 
of  the  alkali  upon  the  products  of  growth  of  the 
micro-organisms.     This  color  reaction  is  known  as 


the  Voge8-Proskauer  reaction,  from  the  work  of  these 
men . 


Later  investigations  have  been  concerned 
with  the  chemical  and  biological  explanations  of 
this  phenomenon,  and  its  adaptation  to  differenti- 
ation of  coli-like  bacteria.    Harden  and  Walpole 
(1906)  found  that  the  crude  glycol,  found  in  fer- 
mentation products  of  B.  coli,  consisted  largely  of 
2:5  butylene  glycol  (CHj'CHOH'CHOH'CH,) .    This  gly- 
col may  be  oxidized  to  acetyl  methyl  carbinol, 
CHg'CHOH'CO'CHj,  a  volatile  reducing  substance,  which, 
upon  addition  of  potassium  hydroxide  in  presence  of 
peptone,  produces  an  eosin-like  color  upon  standing. 

Even  in  the  presence  of  peptone,  the  color 
reaction  does  not  occur  upon  addition  of  potassium 
hydroxide  to  butylene  glycol;  under  like  conditions, 
it  is  produced  with  acetyl  methyl  carbinol,  but  not 
in  the  absence  of  peptone.    Harden  (1905)  claimed 
that  the  color  production  was  the  result  of  a  reac- 
tion between  some  constituent  of  peptone  and  diace- 
tyl,  which  had  been  produced  as  the  further  oxida- 
tion product  of  the  carbinol.    In  confirmation  of 
this  belief.  Harden  and  Norris  (l91l)  showed  that, 
in  the  presence  of  strong  potassium  hydroxide  so- 
lution, the  reaction  product  of  diacetyl  and  pro- 
teins gives  the  color  and  fluorescence  of  the  Vogea- 
Proskauer  color  reaction. 

Both  sub-groups  produce  the  glycol,  (in 
fact,  it  was  in  cultures  of  members  of  the  Voges- 
Proskauer  negative  group  that  it  was  first  found). 
The  color  reaction,  however,  is  not  given  by  the 
butylene  glycol  itself,  but  by  its  oxidation  pro- 
ducts.   The  aerogenes  group  oxidize  the  glycol  to 
the  compounds  named  above,  and  thus,  in  their  cul- 
tures, a  positive  color  reaction  may  be  obtained; 
the  B.  coli  group  do  not  oxidize  the  glycol,  and 
hence  the  color  reaction  does  not  take  plsace  upon 
addition  of  potassium  hydroxide  to  cultures  of  this 
sub-group.    That  the  production  of  the  substance 
responsible  for  the  color  reaction  is  an  oxidation 
process,  is  substantiated  by  the  work  of  Walpole 
(1910),  who  showed  that  in  the  presence  of  oxygen 
B.  aerogenes  produced  a  larger  yield  of  the  car- 
binol . 

As  in  the  case  of  the  "methyl  red"  and 
"gas  ratio"  tests,  subdivision  of  the  first  group 
of  lactic  acid  bacteria  by  means  of  the  Voges- 


Proslcauer  reaction  is  based  upon  differences  in  lactic 
metabolism         in  this  case,  manifested  in  the  ability 
of  but  one  sub-group  to  produce  the  carbinol  by  the 
oxidation  of  a  glycol  produced  by  both. 

Harden  and  Horris,  Levine,   and  others,  have 
shown  that  acetyl  methyl  carbinol,  which  may  be  con- 
sidered the  basis  of  tlie  Voges-proskauer  reaction,  4s 
a  product  of  carbohydrate  metabolism.      It  is  not 
limited  to  fermentation  of  glucose;     it  is  formed  in 
the  fermentation  of  a  large  nimtoer  of  sugara  and 
alcohols;     different  lactics  vary  in  their  ability  to 
produce  the  carbinol  from  different  substrates. 

The  "Voges-proslcauer  reaction"  itself  refers 
to  the  production  of  this  substance  in  glucose  media. 
Levine  suggests  the  less  specific  ter.n  "carbinol  test" 
for  its  production  in  other  media. 

The  microbial  production  of  acetylmethyl- 
carbinol  is  not  limited  to  lactic  acid  bacteria. 
Grlmbert  (1901)  reports  the  production  of  that 
substance  by  the  action  of  B.  tartricus  upon  glucose. 
Desmots  (1904)  has  observed  its  formation  by  bacilli 
of  the  B.  mesenterScus  group,  by  B.  subtilis  and  by 
the  socalled  'i'yrothrix  tenius.      M.az4  (1913)  reports 
that  acetylraetlTyl- c-'irbinol  is  produced  by  the  action  of 
J-lycoderma  aceti  upon  lactic  acid. 


7.  Mannitol. 

The  produotlon  of  .nannitol  in  3-3tems  In  which 
lactic     cid  i^  ,vl3o  produce-,   h-s  teen  re.orten  thruout 
the   idatory  of  1  otic     cid    ern.entati on .  Vaquelin  (1807). 
and  Pelou2e{l833).  ohaerve-^  the  production  of  mannitol 
in  the  fermentation  of  ve,- tab  le  juices.  >Ja  ,y  other  of 
the  older  papers  (Favre( 1844) ,  and  others)  report  L  ctic  cid 

raamitol  in  the  same   '  erne  r.tation  ^j-ste-n.  ^anaitol  was 
repsrde^  as  one  of  the  products  of  the  "viscous"  or  "slimy" 
fermentations  with  which  lactic  acid  f  rmcntation  wr.s 
confused  in  the  early  day.  In  fact,  the  Irctic  acid 
ftT-nentation  of  Pasteur  included  mannitol  no  a  product 
usually  accompanying  lactic  acid.  Howev^^r,  these 
fer^rientations  were  cf  cwarse ,  not  induced  by  pure  cultures 
an<^  they  in  themselves  fumiah    lo  direct  evicio  ,ce  of  the 
production  of  this  subatHnce  by  lactic  sold  bacteria. 

In  later  worl:  in  which,  oure  cultures  wf;re  used, 
the  p  oduction  of     armitol  by  lactar  acid  bacteria  has 
boen  obsrirved  by  a  nuinber  of  investi r^^-tors. 

Muchof  the  literature  supifrests  that  the  prrdu  tion 
of  ma  mitol  is  rnore  frequ.  nt  in  the  '.-ase  of    acteria  widch 
prefer  levulnse  to  dextrose  ■  s  a  sourcf-  of  energy,  (it  is 
interseting  to  ncte  that  the  earliest  oVsrrvationa  on  the 
production  of  this  ;>lcohol  were  ma'^e  in  the  examination 
of  the  products  of  ferments tion  cf    ege table  juices.) 


The  literature  of  mannitol  production  also 
furnishes  many  illustrations  of  the  influence  of  the 
substrate  upon  the  products  of  the  fermentation.  In  some 
cases  mannitol  is  produced  in  large  amounts  by  the 
fermentation  of  fructose  by  organisms  which  do  not 
produce  significant  amounts  from  glucose. 

So        V     Beie^^Jink  (1901)  reports  that  mannitol  production 
is  a  character  common  to  fructose  fermentation  by  -SlyeS- 
lactic  acid  bacteria.  Hi8"Aerobacter-  group  ^cid  gS 
group)  produce  considerable  mannitol  from  frictose^^he 

qmiJ°?i''QiO   '-^"^f  lactococci:  small 'amounts. 

Smit  (1915)  gives  tables  showing  the  relatively  large 
amount  of  mannitol  produced  from  fructose  by  a  lactobacilluH 
Jensen(  1919)  states  that  -some  few  lactic  acid  iacte^i^ 
can  fornt.- chiefly  from  levulose-a  small  quantity  of 
raannite  and  l^drogen".  oj.  oi 

The  relative  amount  of  mannitol  present  in  the 

system  will  vary  in  many  cases  during  the  course  of  the 

fermentation.  Many  lactic  acid  bacteria  which  produce 

mannitol,  have  also  the  ability  to  decongjose  it  by  secondary 

reactions  which  yield  acid  products,  as  lactic  acid. 

Pasteur  found  that  in  many  cases,  mannitol 
was  not  found  among  the  final  products  of  fermentation 
if  chalk  was  present  to  neutralize  the  acid  formed. 
He  explained  this  as  due  to  the  comdustion  of  mannitol 
by  the  ferment  (or  ferments). 

In  the  careful  work  of  Peterson  and  Fred,  the 
significance  of  Pasteur's  conjecture  is  evident.  They 
found  that  considerable  amounts  of  mannitol  accumulated 
in  the  medium  during  the  early  stages  of  the  fermentation 
of  fructose  by  a  lactobacillus .  Later,  this  alcohol  served 
as  a  substrate  for  acid  fermentation,  and  gradually 
decreased  in  aanount. 


Further  information  on  the  production  of  mannitol, 


the  conditions  influencing  its  relative  production,  the 
substrates  from  which  it  is  derived,  and  equations 
suggesting  the  methods  of  its  production  can  be  found  in 
the  following  references:  Gayon  and  Dubourg  (1904), 
Duclaux»8  disoussi&n  of  Gayon  and  Dubourg's  work,  Smit 
(1915),  and  Peterson  and  Fred  (1920). 
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"A  STUDY  OF  THE  CHARACTEiiS  OF  THE  STRKPTOCOCCI 
OF  DAIRY  LACTIC  ACID  S^lHiffilTTATIONS,  WITH  SPECIAL 
HEPBREHCB  TO  THE  PRESENT  STATUS  OP  THE  SO-GAIIBD 
STREPTOCOCCUS  LACTIGUS  GROUP." 


Cooperation  of  Mr.  Roy  C.  Avery, 


A  part  of  the  study  to  be  reported  in  the  following  pages 
was  carried  on  in  conjunction  with  Mr.  R.  C.  Avery.      With  his 
kind  permission,  I  have  included  that  v/ork  in  Part  II  of  this 
thesis.      By  the  incorporation  of  this  work,  it  has  been  possible 
to  strengthen  data  obtained  independently  by  additional  and 
similar  data  on  a  larger  number  of  strains  of  lactic  streptococci. 

I  wish  to  take  this  occasion  not  only  to  acknowledge  the 
cooperation  of  Mr.  Avery  in  that  part  of  the  work  in  which  he 
was  actually  associated,  but  also  to  express  my  appreciation 
of  the  extension  of  his  interest  to  those  parts  of  the  investiga- 
tion in  which  he  was  not  an  active  associate. 
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INTRODUCTIOlf 


The  Streptococcus  la cti cub  group  origdnally  proposed  by 
Kruse  in  1903  had  almost  unlimited  boundaries  and  would 
include  practically  any  nonpathogenic  milk  souring  streptococcus. 
Today,  the  group  is  interpreted  in  much  the  same  way  by  many 
authors.      However,  notwithstanding  the  feet  that  the  so-called 
lactic  group  may  be  a  most  inclusive  collection,  there  is  a 
possibility  that  the  present  treatment  is  somewhat  too  indefinite 
to  furnish  a  basis  for  the  ansv/er  of  a  number  of  questions  of 
biological  and  economic  importance. 

Its  present  status  conditions  the  interpretation  of  the 
retotion  of  the  lactic  type  to  the  various  other  types  recognized 
in  proppsed  systems  of  streptococcal  grouping.      A  more  complete 
knowledge  of  the  lactic  group  would  aid  most  materially  in  the 
intelligent  interpretation  of  the  significance  of  streptococci 
in  milk  and  milk  products,  and  also  should  precede  the  assign- 
ment of  the  biological  agency  of  important  chemical  changes  in 
agricultural  products.      The  establishment  of  the  distribution 
and  source  of  lactic  streptococci  and  the  question  of  whether 
this  type  is  also  responsible  for  the  lactic  acid  fermentation 
of  plant  products  must  await  the  assignment  of  more  definite 
botindary  lines  to  the  so-called  Streptococcus  lact icus  group. 

The  present  indefinite  status  of  the  Ifictic  group  is  in  no 
small  part  due  to  the  reasons  v/hich  have  complicated  the  status 
of  practically  eveiy  group  of  streptococci.      "Various  authors 
in  attempting  to  name  or  classify  streptococci  have  fixed  their 
attention  upon  different  characters  as  criteria".  (Brown,  1919) 


For  that  reason,  many  of  the  frequent  comparisons  of  Streptocoocus 
lacticus  with  Streptococcus  pyogenee  could  toe  int-erpreted  only 
after  an  interpretation  of  the  authors'  conceptions  of  th*  meaning 
of  the  two  terms. 

The  work  of  Sherman  and  Albus  in  the  comparison  of  "pyogenic" 
strains  presumably  of  udder-  origin  with  lactic  strains  obtained 
from  soured  commercial  milk,  was  a  distinct  step  in  advance.  The 
study  of  the  streptococci  of  cheese  by  Bvans  (1918)  ftirnishes  still 
better  evidence  of  the  value  of  a  cumulative  characterization  of 
the  lactic  group.      By  employing  a  number  of  characters,  she  was 
able  to  distinguish  the  true  lactic  from  other  types  of 
streptococci  which  v/cold  be  labeled  Streptococcus  lacticus  by  the 
usual,  casual  treatment. 

Sherman  and  Albus  proposed  the  following  charactef istios 
to  distinguish  the  lactic  type  from  the  so-called  Streptococcus 
pyogenes  type;    reduction  of  dyes,  inability  to  ferment  sucrose, 
ability  to  grow  at  10°  but  not  at  43°  C.    Evans  (1918)  hag 
characterized  the  Streptococcus  lacticus  group  as  follows: 
characteristic  reduction  of  litmus  milk;    production  of  about 
0.12  g.  of  acetic  acid  per  litre  of  slcira  milk;  carbohydrates 
fermented  in  following  order  of  availability:     lactose,  salicin, 
mannitol,  and  sucrose;     formation  of  crystals  in  milk  cultures 
by  a  large  percentage  of  strains;     decrease  in  true  acidity  of 
yeast  peptone  broth  of  initial  pH  6.0  by  a  majority  of  strains. 
These  and  other  characters  which  have  been  proposed  in  the  differs 
ential  study  of  the  lactic  group  will  be  reviewed  in  the  following 
pages. 


OBJECT  05'  IKVSSTIGATION 


The  present  work  is  presented  not  as  an 
attempt  to  characterize  or  hound  the  so-called 
Streptococcus  lacticus  group,  but  merely  as  a  re- 
port on  the  characters  exhibited  by  a  number  of 
strains  which  were  present  in  large  numbers  in 
fermentation  systems  in  which  lactic  streptococci 
are  usually  the  dominant  type . 


EXPERILI3IITAL 


I.     Selection  and  Isolation  of  Strains. 

The  numter  of  strains  studied  in  this  investigation  is 
not  large,  tut  special  attention  was  given  to  their  selection 
to  prevent  duplication. 

The  source  of  the  strains  is  recorded  'below. 


Strains  S  to  PD  were  isolated  in  this  laboratory  with  the 
following  relations  in  mind: 

Strains  from  milk  and  milk  products;    A.t  the  time  of  souring, 
the  lactic  type  of  streptococcus  has  oecorae  dominant  in  the 
natural  flora  of  milk.      For  this  reason,  milk  and  cream  samples 
were  allowed  to  undergo  natural  lactic  acid  fermentation  at  room 
temperature.      Plates  were  than  poured  from  high  dilutions  to 
obtain  the  strains  predominating  in  the  various  samples.      The  milk 
and  cream  were  obtained  from  different  producers  since  there  is 
a  possibility  of  certain  strains  becoming  locally  dominant  in  a 
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particular  dairy.      Only  one  strain  was  included  from  each 
producer  or  collecting  station. 

Strains  f ror.i"Starters" ;     The  lactic  tj-pe  of  streptococcus 
is  commonly  the  microbial  agent  of  commercial  "starters".  Due 
to  the  extensive  use  of  these  preparations  in  the  controlled 
fermentation  of  milk  and  cream  for  the  manufacture  of  butter, 
fermented  milk  drinks,  and  certain  cheeses,  a  study  of  strains 
from  these  sources  seemed  particularly  desirable.  Strains 
were  obtained  by  inoculating  sterile  milk  with  the  "starter" 
and  isolating  the  strain  dominant  in  the  fermented  milk  culture 
after  inculation  at  room  temperature. 

Strains  1  to  9  were  furnished  as  butter  "starters"  or  as 
strains  of  lactic  organisms,  through  the  kindness  of  the 
Dairy  and  Bacteriology  Departments  of  the  following  Agricultural 
Colleges:     Vermont,     Pennsylvania,  Ohio,  liichigan  (2), 
Wisconsin,     Kentucky,  Florida  and  Oregon.      The  original  sources 
of  these  strains  are  given  as  furnished  by  their  contributors.* 

All  strains  v/ere  replated  three  times  after  the  original 
isolation  to  insure  their  purity.      Stock  cultures  were  main- 
tained by  litmus  milk  cultures,  which  were  placed  in  the  ice-box 
after  12  hours  preliminary  incubation  at  30°  C.      Unless  noted 
otherwise,  all  characters  were  obtained  by  use  of  inocula  of 
one  tenth  cc.  from  IE-hour  broth  cultures,  which  had  been 
"invigorated"  by  four  duocessive  12-hour  transfers. 

For  comparative  purposes,  the  following  strains  representing 
other  types  of  streptococci  were  also  included  in  some  of  the  test 

*We  wish  to  take  this  occasion  to  express  our 
ax^preciation  of  their  courtesy. 


Human  hemolytic  strains:     S67,  S£71,  S84,  S13,  S125, 
S72,   SS2,   S273,   S70,   S55,   S23.       These  strains  were  furnished 
by  Dr.  0.  T.  Avery  of  the  Rockefeller  Institute  for  Medical 
Research.      They  represent  a  typical  collection  of  hemolytic 
streptococci  from  hiuaan  sources.      Host  of  them  were  isolated 
from  pathological  conditions.      The  actual  source  of  these 
strains  and  a  further    description  of  their  characters  are 
furnished  hy  Avery  and  Cullen  and  by  Dochez,  Avery  and 
Lancef ield. 

Hemolytic  mastitis  and  udder  strains:    VI,  V2,  052,  057, 
059,  067,  069,  M26.      These  strains  were  also  furnished  through 
the  kindness  of  Dr.  0.  T.  Avery.      They  reprassent  a  collection 
of  hemolytic  strains  isolated  from  the  udders  of  cows  and  from 
cases  of  mastitis.      A  further  description  of  these  strains  is 
furnished  by   0.  T.  a.very  and  Oullen,  by  Jones,  and  by  R.  0. 
Avery . 

Oheese  strain:     Strain  MH.  is  included  as  a  repre^sentative 
of  the  group  of  hemolytic  "cheese"  streptococci  studied  by 
R.  0.  Avery. 

Sauerkraut  strain:     Strain  K  is  included  as  a  representative 
of  a  small  number  of  strains  isolated  from  sauerkraut  in  this 
laboratory. 

II.  iuorphology 
Previous  reports: 

The  early  descriptions  of  Leichmann  and  of  Sunther  and 
Thierfelder  describe  the  lactic  acid  organism  as  short  rods  with 
lanceolate  or  rounded  ends,  usually  appearing  in  pairs  or  short 


chains.      Kriise,  HSlling  and    jieinemann  interpreted  them  as 
streptococci.      The  morphological  resemblance  of  lactic 
streptococci  to  the  pneurnococcus  was  pointed  out  by  Ei'use, 
HHlling,  and  Saito. 

Many  attempts  have  been  made  to  use  as  a  differential 
ohaiacter  the  tendency  of  lactic  streptococci  to  form  elongated 
rod-like  colls.       Similar  attempts  have  also  been  made  on 
the  basis  of  length  of  chains.      These  distinctions  are  no 
longer  considered  of  differential  value.      Evans  (1918)  stateB 
that  Streptococcus  lacticus  cannot  be  distinguished  by 
morphology. 

Present  observations: 

Infusion  broth  cultures  of  the  lactic  strains  exhibited 
chains,  varying  in  length  from  diplococci  to  those  with  12  to 
16  cell  members.      In  milk  cultures,  shorter  chains  and 
diplococci  predominated. 

* 

III.     Reduejbion  Phenomena  in  litmus  Milk. 
Previous  reports: 

Heinemann  (1906)  in  his  studies  on  the  relation  of  the 
lactic  organisms  to  other  streptococci,  reported  that  "litmus 
milk  is  decolorized  by  Bacteriiim  lactis  aoidi  and  all  streptococci 
in  the  same  typical  manner".      "The  solid  coagulum  turns  v/hite 
leaving  a  pink  ring  at  the  top,  which  gradually  extends  toward 
the  bottom".      Apparently,  this  statement  included  the  streptococci 
from  pathological  conditions. 


Esten  (1909)  otoserved  that  litmus  was  completely  reduced 
by  the  true  lactic  organism  before  coagulation  occurred, 
(this  sequence  of  coagulation  and  reduction  is  the  opposite  to 
that  reported  by  Heinemann).      He  considered  the  reduction 
phenomenon  exhibited  in  litmus  milk  cultures  to  be  a  valuable 
differential  character  for  the  lactic  organism.      Rogers  and 
Dahlberg  (1912)  found  that  this  test  served  as  a  means  of 
distinguishing  between  strains  from  the  saliva  and  from  the 
udder  of  cows.      Evans  (1916)  and  Sherman  and  Albus  (1918) 
have  used  this  test  to  advantage  in  comparative  studies  of 
lactic  and  udder  types.      Hart,  Hastings,  Flint  and  Evans  (1914), 
and  Evans  (1918)  have  found  it  .of  value  in  the  diiierentiation 
of  lactic  streptococci  from  other  types  of  streptococci  foiind 
in  cheese.      Broadhurst  (1915)  did  not  find  the  behavior  in 
litmus  milk  correlated  v/ith  the  origin  of  streptococci.  Although 
many  of  the  milk  strains  included  in  her  study  must  have  been 
true  lactics,  she  does  not  mention  reduction  phenomena.  Jensen 
(1919)  does  not  consider  the  reduction  of  litmus  milk  of  any 
value  in  the  differentiation  of  lactic  acid  bacteria. 

Salter  (1921)  has  reported  the  behavior  of  a  number  of 
hemolytic  bjiiian  strains  in  litmus  milk.      One  of  the  strains 
reduced  the  dye.      He  believed  it  a  valuable  character  in 
distinctions  between  the  more  common  streptococci  of  milk  and 
pathogenic  strains,  although  some  pathogenic  strains  may  not  be 
differentiated  by  that  means.      Salter  also  describes  a  number 
of  nen-pathogenio  hemolytic  strains  from  milk  which  reduce  litmus 
milk  and  closely  resemble  the  so-calleo  Stret)tococcus  lacticus. 


The  characteristic  'behavior  of  litmus  milk  cultures  of  lactic 
streptococci  is  in  general  use  among  agricultural  bacteriologists 
as  a  routine  character  in  the  determination  of  the  Streptococcus 
lact icus  group. 

Present  observations: 

f rooedure :      Medium:     Sterile  skim  milk,  cdntaining 
sufficient  litmus  to  give  the  milk  a  robin  egg  blue  color  after 
sterilization.      All  of  the  strains  of  the  various  types  were 
inoculated  in  this  medium.      Frequent  observations  were  made 
to  furnish  records  of  sequence  of  of  reduction  and  coagulation 
and  to  avoid  failure  to  observe  possible,  transient  reduction. 

Results :    All  of  the  so-called  lactic  strains  repidly 
and  completely  reduced  the  dye;     reduction  occurred  before 
coagulation.      Kone  of  the  hiiman  or  bovine  cultures  exhibited 
similar  pictures,  although  incomplete  reduction  occurred  v>ith 
several  of  the  hujnan  strains.      The  cheese  hemolytic  strain 
reduces  litmus  milk  in  exactly  the  same  manner  as  do  the  lactic 
strains.      The  strain  from  sauerkraut  gives  only  faint,  if  any 
reduction. 

In  conj^lnction  with  the  10°  and  43°  temperature  tests, 
observations  were  made  on  the  reduction  pictures  given  by  the 
lactics  at  these  temperatures.      At  43°,  the  same  sequence  of 
reduction  was  exhibited  as  at  the  usual  incubation  temperatures. 
At  10°  all  strains  completely  reduce  the  litmus  as  the  first 
evidence  of  growth.      Hov/ever,  due  to  the  retardation  of 
coagulation  and  the  slow  rate  of  growth,  typical  pictures  are 
not  always  evidenced.      The  pink  color,  which  returns,  in  many 


cases  extended  to  the  bottom  of  the  tulDe  before  coagulation 
occurred. 

Although  litmus  milk  culture  is  a  valuable  routine, 
preliminary  test  for  lactic  streptococci,   it  can  not  serve  as 
an  independent  differential  characteristic.      The  same  raduction 
is  also  effected  by  certain  members  of  other  groups;     it  v/as 
exhibited  by  practically  all  strains  of  the  hemolytic  cheese 
group  studied  by  R.  C.  ^very. 

IV.     ffinal  H-Ion  Concentration  in  Glucose  Broth. 
Previous  reports: 

Baehr  (1910)  reported  that  a  larger  amount  of  titratable 
acid  was  formed  by  lactic  streptococci  than  by  strains  assigned 
to  the  Streptococcus  pyogenes  group.      He  believed  this  relation 
served  as  an  aid  in  the  differentiation  of  these  two  groups  of 
streptococci.-      Similar  statements  are  reported  by  seteral 
authors.      Such  observations  are  of  course  entirely  dependent  upon 
the  various  interpretations  of  the  Streptococcus  pyoAmies  group. 

The  introduction  of  H-ion  concentration  measurements  have 
been  of  little  value  in  the  absolute  differentiation  of  the  lactic 
group.      However,  the  pH  values  reached  by  the  lactic  streptococci 
in  glucose  broth  have  cerved  to  place  them  in  the  "high  acid" 
group  of  iiye^rs     (1916).      This  character  would  also  distinguish 
them  from  the  "human"  type  of  the  so-called  Streptococcus 
hemolyt icus  group  (Avery  and  Cullen),  but  the  final  H-ion 
concentration  of  the  lactic  group  varies  within  approximately 
the  same  zone  as  in  the  case  of  the  "bovine"  strains  of  the 
hemolytic  group. 


Present  observations: 

Procedure ;     Medium:     Stcndard  infusion  broth,   pH  7.£, 
containing  one  per  c«nt  glucose.      Tests  were  made  bj  the  method 
described  by  Avery  and  Cullen  (1919).      H-ion  concentrations 
v/ere  determinea  colorimetr ieally  after  48  hours  incubation  at 
b7°  C. 

Results :     The  final  H-ion  concentration  varied  from  pH  4.1 
to  4.5.      The  values  for  the  various  strains  are  reported  in  the 
tabular  suniLflry. 

In  this  medium,   the  final  H-ion  concentrations  of  the  la&ctic 
cultures,  as  an  independent  character,  merely  pluces  them  in  the 
large  and  heterogenous  "high  acid"  group  of  Ayers.      In  the 
characterization  of  lactic  streptococci,  the  value  of  H-ion 
concentration  mec. surements  seems  to  be  that  of  a  preliminary, 
but  primary,  differential  character. 

v.     Behavior  on  Blood  Agar. 

Previous  reports : 

The  confusion  resulting  from  the  differences  in  emphasis 
placed  upon  the  various  differential  characters  usid  in  the 
characterization  of  streptococci,   is  especially  evident  in  a 
review  of  the  literature  on  the  huuiolytic  ability  of  the  Is-ctic 
type  of  streptococci. 

Mtlller  (1906)  found  no  difference  in  the  hemolytic  action  of 
"pyogenic"  streptococci  and  of  streptococci  from  milk.  However, 
his  report  cannot  be  used  in  the  assignment  of  hemoljisiE  to  the 
lactic  streptococci,  as  in  the  selection  of  his  strains  he 
probably  rulod  out  most  of  the  common  lactic  types  upon 


morphological  grounds.      Kieter  (1907),  flaehr  (1910),   Shippen  (1914) 
report  that  the  lactic  streptococci  exhibit  no  h..molysis. 
isaito  (1'J12)  reported  that  his  lactic  strains  did  not  always  show 
hemolysis;     when  present,   it  was  "usually  extended,   diffuse,  but 
often  not  complete",      Puppel  (1912)  investigated  a  large  number 
of  strains  from  milk  and  compared  them  with  those  from  human 
sources.      He  reports  differences  in  the  ability  of  the  strains 
to  hemolyze  different  kinds  of  blood.      On  rabbit's  olood  a 
number  of  the  milk  strains  showed  "strong"  hemolysis.  Puppel 
reviews  the  work  of  a  number  of  authors  and  points  out  that, 
with  the  exception  of  Mttller,  theso  authorities  agreed  that  the 
"milk  streptococci"  shoY/  no,  or  "only  traces"  of,  hemolysis. 
Streptococcus  Iscticus  is  recorded  as  non-homolytic  on  the 
blood  plate,   in  von  Lingelshein's  summary  (1912). 

Ruedtger  (1912)  reported  that  Streptococcus  lacticus 
could  be  distinguished  from  Btreptococcus  pyogenes  by  the 
greenish  discolorstion  of  blood  by  the  lactic  colonies. 
Broadhurst  (1915)  reported  that  "green"  or"green  haze" 
discoloration  was  the  only  change  produced  on  blood  plates 
by  twenty  strains  from  milk  (some   of  which  probably  were  lactic 
streptococci ). 

Heinemann  (1915)  claims  thab  after  anircal  passage,  two 
originally  non-nemolytic  strains  of  Streptococcus  lacticus 
acquired  the  ability  to  hemolyze  to  :jome  extent. 

Davis  (1916,   1918)  reported  tuat  Streptococcus  lacticus 
usually  produces  a  green  colorization  on  blood  agar  without 
appreciable  hemolysis.      He  (1918)  also  reports  on  certain 
hemolytic  strains  from  milk  which  are  at  least  closely  related 
to  his  non-hemolytic  lactic  strains.       Salter  (1921)  has 


IS. 

also  reported  hemolytic  strains  from  milk  which  seem  to  agree 
with  the  usual  chax-acterizatiou  of  Streptococcus  lacticus  in 
all  of  the  characters  v/hich  he  tested. 

Present  observations: 

Procedure ;    Brown  (1919)  has  emphasized  the  need  of 
employing  standard  procedures  in  the  study  of  the  hemolytic  action 
of  struptococci  on  the  blood  plate.      the  conditions  he  advises 
were  maintained  in  the  present  investigation. 

0.6  cc.   of  defibrinated  rabbit  blood  was  added  to  tubes 
containing  1£  cc.  melted  standard  infusion  agar,  pH  7.4. 
Properly  dilated  suspensions  were  prepared  from  12-hour  broth 
cultures  of  each  strain;     the  blood  agar  was  inoculated  and 
shaken;    plateB  were  poured  and  incubated  in  moist  air  at  37°  C. 

Macroscopic  and  microscopic  observations  wero  made  at  the 
end  of  24  hours.      A  v/arm  room  was  used  for  these  observations 
and  plates  wer^  returned  to  the  incubator  without  delay.  At 
the  end  of  48  hours  incubation  at  37°  C,  the  plates  were 
refrigerated  at  10°  C.  for  48  hours.      Examinations  were  ibhen 
made. 

Results : 

Description  of  appearances  on  blood  agar. 

After  incubation  at  37^  Qj.-.    Tv;o  strains,  Zand  PB,  exhioit 
the  Beta  type  of  hemolysis  (Smith  and  Brown),      Colonies  were 
surrounded  by  a  perfectly  clear,   colorless  zone  of  hemolysin, 
after  18  to  24  hours  incubation  at  37°  C.      Most  of  the  other 
1^  ctic  strains  exhibited  zones  of  greenish  discoloration 
varying  in  extent.      After  48  hours  incubation,   strains  Z,  5  and  7 


often  produced  very  wide  discolored  zones  around  the  surface 
colonies,  at  times  simulating  hemolysis  unless  examined  carefully. 
Hvio  of  the  lactic  strains,  W  and  S  K,  and  the  sauerkraut  strain, 
never  produced  appreciable  di scolorization  of  the  medium. 
Differences  in  behavior  on  blood  agar  seem  to  be  exhibited  by 
the  surface  and  deep  colonies  of  some  strains. 

After  refr  i  geration:     The  above  strains  which  had  produced 
methemaglobin  at  57°  C,  exhibited  more  or  less  clear  zones 
surroimding  a  distinct  inner  ring  of  non-hemolyzed  corpuscles 
next  to  the  colony.      These  zones  vai-ied  in  area  with  the 
different  strains. 

The  photographs  shov/n  in  the  following  plates  are  offered 
as  types  of  the  different  spjearances  observed. 
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Behavior  on  Blood  Agar  Plates 
After  Stated  Periods  of  Incubation  and  Refrigeration. 
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It  is  evident  in  the  above  tabic  tnat  most  of  the  lactic 
strains  are  raethemaglobin  producers.      The  two  strains  which 
exhibit  the  Beta  type  of  hemolysis,  have  also  been  tested  for 
their  hemolytic  titre  in  saline  solution  of  washed  reubit  blood 
cells  accoi-ding  to  the  technique  given  in  the  U.  S.  War  Manual 
Ko.  6.      In  this  test,   they  produced  complete  hemolysis  as 
rapidly  as  the  hujuan  strains. 

Tests  of  the  behavior  of  all  of  the  strains  on  blood  agar 
have  been  made  several  times  during  the  past  year.  V/hile 
quantitative  differences  were  observed  in  the  methemagloijin 
production  of  various  strains,  in  no  case  did  a  strain  show 
hemolysis  at  one  time  end  not  at  another.      Tests  made  in  ?/hich 
extract  agar  was  used  at  the  base,  gave  inconstant  and 
difficultly  interpreted  results. 


VI.     Volatile  Acid  Production 
Previous  reports: 

lactic  acid  bacteria  of  the  Streptococcus  lacticus  type 
were  formerly  Su.ppos«ci  to  produce  lactic  acid  alone  as  the 
product  of  the  fermentation  of  sugars,   (leichmann)     It  has 
been  shov/n,  however,   (Jensen  (1904),  Evans  (1916),  Hammer  (1919), 
that  small  amounts  of  volati}.e  acid  are  also  produced  in  milk 
cultures  of  lactic  streptococci.      Hart,  Hastings,  Flint  and 
Evans  (1914),  and  Evans  (1918)  have  used  the  relative  amount  of 
volatile  acid  produced  in  the  fermentation  of  milk  as  a  character 
of  advantage  in  the  differentiation  of  certain  types  of  streptococci 
from  the  true  lactic. 


The  possible  advantages  of  the  rae:isurenients  of  the  actual 
products  of  the  fermentation  of  sugars  by  streptococci  as  a 
means  of  describing  streptococci  are  apparently  unexplored. 

The  recognition  of  types  of  streptococci  in  cheese  by 
Hart,   Hastings,  Iflint  and  Evans  (1514)  and  Svane  (1918)  is  an 
indication  of  the  differences  in  volatile  acid  production  of 
different  groups  important  in  agricultural  products.  From 
the  stendpoint  of  the  Streptococcus  lacticus  group  as  a  member 
of  the  laiger  group  of  lactic  acid  bacteria,  this  is  perhaps 
the  most  important  ana  fundamental  character.      However,  more 
should  be  ioiovm.  concerning  the  substrate  of  the  volatile  acid 
producing  reaction  before  its  use  at;  a  character  in  the  grouping 
of  lactic  acid  bacteria. 

Present  observations: 

Procedures    The  volatile  acid  production  in  skim  milk  was 
determined  in  the  easd  of  five  lactic  strains. 

Flasks  containing  500  cc .  sterile  skim  milk  were  inoculated 
with  10  cc.  of  IE-hour  milk  cultures;     analyses  were  made  after 
10  days  incubation  at  ;:;0°  C.      To  obtain  results  comparable 
to  those  reported  by  Evana  (1916),  the  same  procedure  was 
employed.      Volatile  acids  were  freed  by  addition  of  dilute 
phosphoric  acid  until  culture  was  acid  to  ConeO  red.  The 
cultures  were  distilled  with  steam  until  2,000  cc .  of  distillate 
had  been  collected.       The  distillate  was  neutralized  with 
barium  hydroxide  and  evaporated  to  small  volume.       The  barium 
salts  were  decomposed  by  addition  of  sulfuric  acid.  Volume 
was  made  up  to  110  cc .  and  the  mixture  was  distilled  by  the 
method  of  Duclaux.      As  comparative  figures  were  all  that  was 


desired  at  the  -Sim®,  the  results  were  calculated  a^.d  reported 
in  tenns  of  0.1  K  acetic  acid. 

He suits:     Jensen  and  Bvans  believe  acetic  acid  represents 
at  least  most  of  the  volatile  acid  production  of  lactic  strep- 
tococci.     All  of  the  data  obtained  in  this  investigation  do 
not  agree  with  Duclaux's  constants  for  acetic  acid,  which  may 
be  due  to  experimental  error  or  to  errors  inherent  in  the 
method. 

The  cultures  tested  produced  between  9.08  and  13.40  cc. 
0.1  U  acetic  acid  in  500  cc.   skim  milk.       These  strains 
showed  a  close  agreement  in  volatile  acid  production  with 
those  studied  by  Evans  (1918);    v;-ho  found  about  0.12  g. 
acetic  acid  per  liter  in  milk  cultures  of  Streptococcus 
lacticus. 

The  results  are  recorded  in  the  tauular  summary. 
They  are  not  presented  as  absolute  values,  but  the;y  serve 
to  show  that  only  small  ajnounts  of  volatile  acid  are  produced 
in  milk  cmltnres  of  lactic  streptococci. 

In  spite  of  tho  unknown  value  of  the  relative  volatile 
acid  production  in  tiie  grouping  of  streptococci,  its 
importance  in  a  consideration  of  the  lactic  streptococci  cannot 
be  over  emphasized.      The  importance  of  such  products  of 
fermentation  in  butter  and  other  dairj*  manulUotures  in  vvhich 
the  lactics  play  a  prominent  part,  warrants  its  fui-ther  in- 
vestigation. 


VII.     Influence  of  Temperature  Upon  Growth. 

Previous  reports: 

Opt ImuM  temperature :     Optimum  temperature  relations  for 
growth  should  be  based  upon  rates  rather  than  upon  final 
products.      Such  determinations  are  difficult  to  make,  and 
there  is  considerable  confusion  between  rates  and  final 
products  in  the  literature  concerning  the  optimum  temperature 
for  growth  of  the  lactic  streptococci.      Most  authorities 
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agree  on  -30    as  the  approximate  optimum  temperature  of  the 
lactic  organism. 

Limiting  temperatures:    Leichraann  (1696)  reported  that 
his  lactic  strain  did  not  change  milk  in  eight  days  at  9-12°e. ; 
at  12-14°  C.   it  curdled  milk  in  six  and  one  half  days.  Kruee 
(1903),  Baehr  (1910),   Shippen  (1914),   Sherman  and  Albus  (1918), 
and  others  have  reported  that  Streptococcus  lacticus  lias  a 
lov/er  minimum  temperature  than  the  so-called  Streptococcus 
p.yORenes  group.      Stowell  and  Hilliard  (1912)  came  to  the 
conclusion  that  temperature  relations  offer  the  most  valuable 
differential  character  in  distinguishing  between  the  usual 
streptococci  from  milk  and  thoso  from  human  throats. 

The  maximum  temperature  has  also  been  used  a  s  a  character 

of  the  lactic  group.      leichmann  (1896)  observed  scanty  growth 

at  42°  in  milk  cultures  of  his  lactic  strain/  Sherman  and 

Albus  (1918)  found  most  of  their  l;,:ctic  strains  did  not  grow 
0 

in  milk  at  43  C. 

Present  observations: 

0  o 

Procedure :     Temperatures  of  10    and  43  ,  which  v. ere  used 
by  Sherman  and  Albus  in  their  study  of  lactic  and  "pyogenic" 


udder  strains,  Wcre  chosen  as  test  temperature e .       0.1  cc.  of 
an  18-hour  broth  culture  was  introduced  into  10  co.  of  sterile 
litmus  milk.      The  medium  was  brought  to  the  test  temperatures 
previous  to  inoculation,  which  v/erc  maintained  during  the 
procedure.      Duplicates  were  run  on  each  temperature  series. 
The  45°  series  was  incubated  fifteen  da^s;     the  10°  series, 
forty-tv<o  days.      Tvjo  experiments  v/ere  performed;     one  in 
February,  1S20,  and  the  other  in  M&roh,  1S21.      The  results 
are  given  in  the  following'  table. 

For  purposes  oi  comparison,   the  behavior  of  the  huir&n 
hemolytic  and  the  udder  or  mastitis  hemolytic  strains,  to  a 
temperature  of  10°,  are  of  interest.      This  vms  tested  as 
follov;s:     Inocula  of  0.2  cc .  of  18-hour  broth  cultures  of 
each  strain  v/ere   introduced  into  duplicate  tubes  of  glucose 
infusion  broth.      Observations  of  gross  appearance  were  nude 
weekly  for  seven  weeks,  after  which  time  a  colorimetric 
cdimpariton  of  the  pH  value  of  the  control  and  of  the  test 
cultures  were  made  as  a  check  on  the  presence  or  absence  of 
grov/th. 


Tatle  II. 
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Growth  of  Different  Tirpes  ox  Streptococci  at  10    and  at  43  C 


Lactic  Strains. 


Strains  Tested 


10°  C. 


1920  and  19  21 


Fel).  19  EO 


43"  C. 


March, ,  1921 


s 

growth 

no 

growth 

no  growth 
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It 

II  ti 

It 

II 

It 

II  II 
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It 

It 

II  II 
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II 

It 

It 

II  11 
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II  II 
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II 

11 

II 

II  II 

II 

11 

II 

growth 
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If 

grov/th 

II 

1 

II 

II 

II 

2 

II 

no 

growth 

no  growth 

3 

II 

II 

II 

growth 

4 

II 

II 

II 

no  growth 

5 

II 

It 

It 

growth 

6 

II 

It 

It 

no  grov;th 

7 

If 

It 

n 

growth 

8 

ft 

n 

n 

no  grov/th 

9 

II 

ft 

II 

It  It 

K 


1921 

growth 


Sauerkraut  Strain. 


1921 
slight  grov/th 


Huraan  Hemolytic  Strains. 
12  strains  no  grovrth  not  tested 


Hemolytic  Mastitis  and  Udder  Strains. 
8  strains  no  grov/th  not  tested 


MH 


Hemolytic  Cheese  Strain, 
growth  growth 


Results :    With  the  cultures  tested,  the  43°  temperature  test 
would  seem  to  oe  of  very  liraited  value.     The  reason  for  the  larger 

number  of  positive  tests  after  a  year's  cultivation  is  difficult  to 

explain. 

The  10°  C.  temperature  test  v/ould  seem  to  he  of  value  in 
differentiating  certain  tjtpes  of  streptococci  from  the  lactic.  All 
of  the  lactic  milk  strains  grew  at  10°  C.      After  six  weeks  incuba- 
tion, most  of  the  strains  had  coagulated  in  milk.      The  cultures 
which  had  not  produced  sufficient  changes  in  the  milk  to  cause  its 
coagulation  at  10°  C,  coagulated  within  five  minutes  after  being 
immersed  in  a  37°  C. water  bath. 

Mone  of  the  hemolytic  hximan  and  mastitis  strains  produced  any 
change  in  the  glucose  feroth.      Although  all  of  the  broth  had  reached 
a  pH  value  of  approximately  5.7,  no  difference  in  the  H-ion 
concentration  of  the  tests  and  controls  could  be  detected. 

V/hile  growth  at  lov/  temperatures  might  possibly  serve  to 
distiiiguish  the  lactic  type  from  most  pathogenic  strains,   it  would 
not  serve  as  a  differential  character  in  comparative  studies  of 
other  streptococci  of  more  facultative  temperature  requirements. 
There  are  probably  many  types  of  streptococci  possessing  at  least 
as  low  temperature  requirements  as  that  exhibited  by  the  true  laotic 
As  an  example,  many  of  the  hemolytic  stroptococci  fBom  cheese 
studied  by  H.  C.  Avery  grow  readily  at  this  temperature. 

VIII.    Ability  to  Survive  Pasteurization. 
Previous  reports: 

The  heat  resistance  of  streptococci  is  an  exceedingly  important 
character,  although  its  value  as  a  difierential  character  of  the 
lactics  as  a  group  is  of  limited  application.       The  ability  of 
different  types  of  streptococci  to  survive  the  pasteurization  of 
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milk  is  of  great  significance  fro:.',  economic  and  sanitary  t  spects. 
In  the  extensive  and  valuable  literature  which  has  contributed  to 
the  establishment  of  the  conditions  of  the  process,  differences 
are  evident  in  the  heat  resistance  of  different  streptococci.  It 
has  been  demonstrated  that  few,   if  any,  pathogenic  strains  are 
able  to  survive  thirty  minutes  heating  in  milk  at  5E.8°  C.  The 
lactic  group  vary  among  themselves  in  their  ability  to  survive  this 
heating  process.      Many  of  them,  however,  are  able  to  survive  in 
numbers  sufficient  to  control  the  subsequent  microbial  changes  in 
pasteurized  milk.       Salter   (li'21)  has  recently  shown  that  in  milk 
at  60°  C,  a  higher  thermal  death  rate  is  exhibited  by  hemolytic 
pathogenic  strains  than  by  "milk"  strains. 

Present  observations: 

Procedure ;     In  our  experiments,  tests  were  simply  made  of  the 
ability  of  the  different  strains  to  survive  the  temperature — time 
conditions  of  the  usual  pasteurization  process,  as  in  the  older 
"thermal  death-Zpoint"  determinations.      It  seemed  that  daily 
observations  of  the  incubated  t ests  would  furnish  means  of  distin- 
guishing strains  which  survived  the  process  in  large  niuabers  from 
those  of  which  only  a  few  cells  survived.      lor  the  interpretation 
of  the  resiBt;-nce  of  lactic  strains  to  pasteurization,  this  is 
probably  all  that  is  necessary. 

Tubes  containing  10  cc .   of  sterile  litmus  milk  were  immersed 

in  a  water  bath.      When  the  milk  attained  the  temperature  of  62.8°  C, 

0.1  cc.  of  18-hour  broth  cultures  was  added  to  duplicate  tubes. 

Care  vms  taken  not  to  allow  any  of  the  culture  to  touch  the  sides  of 

the  tube  during  inoculation.       Thermometer  in  control  tube  registered 

between  62.5  and  63°  G.  during  the  experiment.      At  the  end  of  the 

heating  period,   the  tests  were  plunged  into  running  v/ater  at  10°  C, 

and  the  tubes  were  then  incubated  at  35o  C.     Observations  were  made 
daily  for  one  week. 


Table  III. 


Ability  to  burvive  the  pasteurization  Process. 


Coagulated  Coagulated 
24-60  hr.  84-120  hr. 

(Lactic)  (lactic)  (Lactic) 

8  S  b2  (Human)  SK  2 

G  C67     (Llastitis)  PD  4 

C  Z        ( Saue  rkraut )  Z  5 

M  ^ 

MAC  1  ■ 

jU  mn.  (Cheese) 

5 


*Strains  not  surviving  tests  made  both  in 
1920  and  in  1921  are  recorded  in  this  group. 


Results ;     The  surviving  strains  may  be  ar:.aneed  in  two  groups. 
The  first  group  includes  strains  v, hich  seem  to  oe  aole  to  survive 
pasteurization  in  large  numbers.      The  second  group  includes  strains 
which  survive  the  process  onlp  in  small  tonbers.      It  is  probable 
that  such  lactic  strains,   if  present  in  raw  milk  would  be  outt..rown 
by  more  resistant  strains  after  the  pasteurization  process.  It 
is  of  interest  to  note  that  both  of  the  hemolytic  sour  milk  strains 
are  included  In  the  mote  resistant  group. 

The  "human"  and  "bovine"  strains  included  for  comparison  did 
not  survive  the  process.       {Salter  ioimd  certain  of  his  hujnan  strains 
survived  bO  minutes  at  60°  C.  in  milk  teets  which  had  received  very 
large  inocula.)      The  "cheese"  hemolytic  strain  survived  the  process, 
which  is  suggestive  of  the  apparently  general,  resistant  character- 
istics of  the  collection  of  strains  of  this  type. 

The  value  of  the  survival  of  this  heating  process  as  a 
differential  character  of  any  particular  group  of  streptococci,  is 
probably  negligible.       Strains  vary  within  the  different  groups 
and  there  are  other  types  of  streptococci  which  may  include  as 
large  a  numbe*'  of  resistant  strains  as  are  found  in  the  lactic 
group.      Prom  a  practical  standpoint,  however,  the  heat  resistance 
of  the  streptococci  of  milk  assumes  considerable  moment  in  the 
determination  of  the  types  of  streptococci  which  will  control  the 
subsequent  biological  changes  in  pasteurized  dairy  products,  in 
cheeses  v.hich  ere  heated  during  their  manufacture,  etc. 

IX.  pathogenicity. 
Previous  reports: 

Baehr,  Puppel,  Saito  and  Gminder  obtained  negative  results  on 
tests  of  pathogenicity  of  Streptococcus  lacticus  to  laboratory 
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animals.      H«lling  reported  that  mice  are  sometimes  killed  by 
injections  of  Streptococcus  Isctlcus.      Heinemann  (1907,  1915) 
has  reported  an  observation  of  increase  of  virulence  of  Stteptococcus 
lacticus  after  repeated  passage  through  rabbits. 

The  hemolytic  milk  strains  of  Davis  (1918)  and  of  Salter  (1921) 
at  least  closely  resemble  the  so-called  Streptococci  lacticus. 
Davis  found  that  most  of  the  strains  gave  negative  results,  although 
two  of  them  seemeu  to  show  moderate  pathogenic  powers  for  rabbits, 
m  tests  made  upon  rabbits, Salter  obtained  "entirely  negative  results" 
from  intravenous  injections  of  his  strains.      The  same  results  were 
obtained  when  mice  were  used.      The  effect  of  animal  passage  upon 
the  virulence  of  these  litmus  milk  reducing  hemolytic  strains,  was 
tested  by  successive  injections  of  typical  strains  into  six  mice. 
Prom  the  results  of  these  experiments,   Salter  concluded  that  "it 
does  not  seem  possible  to  render  a  strain  of  the  hemolytic  streptococci 
virulent  by  passage  through  mice". 

present  work: 

Procedure;     0.5  cc.  of  an  18-hour  broth  culture  of  each  lactic 
strain  was  injected  intraperitoneally ,  into  white  mice.  (These 
tests  were  made  soon  after  the  cultures  had  be^n  isolated  from 
their  sources,  with  the  exception  of  those  strains  which  were 
received  from  other  laboratories). 

Results:     Eone  of  the  mice  exhibited  iny  deviation  from  the 

normal  control. 

Although  the  question  of  virulence  is  always  of  first  importance 
in  a  discussion  of  the  biology  of  an  organism,  the  value  of  inocula- 
tion of  animals  as  a  test  of  pathogenicity  of  streptococci  is 
conditioned  by  many  factors.      negative  tests  may  be  aifiicult  to 
accept  as  final,  but  (as  pointed  out  by  Salter  in  his  report  of 


similar  experiments  with  hcmolT/-tic  streptococci  irom  milk), 
"when  a  large  niimber  of  organisms  oi  sii.iilar  properties  ^i^e  constant 
results  some  conclusion  may  be  warranted". 

X.     Sensitivity  to  Methylene  Blue. 
Previous  reports: 

Sherman  and  Albus  (lyiB)  reported  that  lactic  streptococci 
reduced  methylene  blue  in  milk  in  a  concentration  of  0.005  per  cent, 
and  that  udder  strains  of  the  "pyogenic"  type  failed  to  reduce  the 
same  concentration. 

R.  C.  Avery,   in  studying  the  behavior  of  a  large  number  of 
hemolytic  streptococci  from  various  sources,  has  shov/n  that  milk 
cultures  containing  0.02  per  cent  concentration  of  this  dye  serve 
as  a  means  of  separating  hemolytic  strains  into  two  more  or  less 
well  defined  groups.      The  non-hemolyt ic  strains  from  various 
sources  could  not  be  easily  separated  upon  this  basis.  A 
considerable  number  of  udder  strains  (reduced  the  dye  in  a  concen- 
tration four  times  the  strength  of  that  used  by  Sherman  and  Albus. 
This  suggests  that  n  division  between  lactic  and  udder  strains 
upon  this  basis  is  not  clearly  defined. 

Present  observations: 

Procedure :    l.Iilk  containing  0.02  per  cent  of  Merck's  uedicinal 
methylene  blue,  received  0.1  cc.  inocula  of  each  of  the  lactic  strajme. 

Results:     The  lactic  strains  are  comparatively  resistant  to 
methylene  blue,  as  complete  reduction  of  the  dye  was  effected  by  all 
of  the  strains  of  that  tyi^e . 
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XI.     Per  .lentation  oi  CarDohydra-bes. 

1.     Carbohydrates  fermented. 

E.     Comparative  availability  of  tucrose  and  lactose  to 
sucrose  fermenting  lactic  strains. 

Previous  reports: 

1.     Carbohydrates  fermented: 

Leichmann  (18S6)  reported  the  fermentation  of  lactose,  dextrose, 
maltose,  and  dextrin  by  the  classical  lactic  organism. 

Later  authorities  agree  on  the  follov/ing  fermentation  reactions. 
Dextrose,  lactose,  and  maltose  are  fermented  by  all  strains;  salicin 
and  .maltose  seem  next  in  order  of  availability;     raifinose  is  seldom 
fermented  and  glycerol  and  inulin  are  almost  never  attacked. 

I'here  is  considerable  dispute  over  the  fermentation  of  sucrose. 
Leichmann  wnd  Bazarev/ski  (1900)  report  that  it  is  not  attacked. 
Jensen  (1919)  would  not  assign  sucrose  fermenting  streptococci  to 
the  Streptococcus  lacticus  group.      Sherman  and  Albus  found  but 
six  out  of  fifty  lactic  strains  fermented  sucrose,  and  believed 
that  failui-e  to  produce  acid  from  this  test  substance  was  of  value 
in  the  differentiation  of  tne  lactic  from  the  "pyogenic"  udder 
types.       'ilie  percentage  of  sucrose  fermenting  strains  in  their 
collection  is  much  smaller  then  in  those  studied  by  Evans  and 
other  investigators.       Jones,  who  found  &  number  of  sucrose 
fermenters  in  a  collection  of  lactic  strains,  places  considerable 
emphasis  upon  the  ability  of  certain  lactic  strins  to  attack 
that  sugar. 

2.     Comparf:.tive  availability  of  sucrose  and  lactose  to 
sucrose  fermenting  lactic  strains: 

It  is  well  knovm  that  certain  lactic  acid  bacteria  prefer 

sucrose  to  lactose  as  f  source  of  energy,  as  peports  on  sucrose 
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preferring  strains  are  frequent  in  the  literature  of  the  fermenta- 
tion of  plant  products.      It  seems  that  the  relative  availability 
of  these  two  dise cchc.rides  in  the  ease  of  sucrose  fermenting  lactic 
streptococci,   is  at  least  as  important  as  the  mere  shility  of  these 
strains  to  form  acid  from  that  substrate.      This  relation  he  s  "been 
tested  in  the  second  of  Lhe  following  experiments 
?i"esent  work: 

1.  Carbohydrates  fermented: 

Procedure ;     Kvans  (1918)  has  shovm  that  the  final  pH  values 
reached  by  lactic  streptococci  varies  with  the  strain  and  with 
different  carbohydrates.       Hence,  determinations  of  the  final 

H-ion  concentrations  in  the  various  media  did  not  seem  to  offer 
valuable  means  of  characterizing  these  strains.      For  this  reason, 
tests  were  simply  made  of  the  ability  of  the  strains  to  produce 
sufficient  acid  to  give  Andrede  indicator  a  definite  m&g\jnta  color. 

Infusion  broth,  pH  7.2,  v/as  used  as  the  base  of  the  test  media. 
This  medium  fulfilled  Holnan's  requirement,  as  all  strains  gre* 
well  in  it  in  the  absence  of  a  fermentable  carbohydrate.      One  g 
per  cent  of  the  test  suustance  and  one  per  cent  of  iindrade  indicator 
were  added  to  the  basic  medium. 

2.  Comparative  availability  of  sucrose  and  lactose  to 
sucrose  fefmenting  lactic  strains: 


The  availability  of  dextrose,  Ivctose  end  sucrose  as  sources 
of  energy  to  the  sucrose  fermenting  lactic  strains  and  to  the 
sauerkraut  strain,  was  tested  by  a  comparison  of  the  rcte  of  acid 
production  exhibited  by  equal  inoculc  of  these  strains  in  fermentation 
sj'^stems  differing  only  in  the  carbohydrate  substrate. 

Med ia ;     Standard  infusion  broth,  pH  7.2,  containing  1.1  per 
cent  ox  Andrade  indicator  and  of  th-  test  sugars.      ..ledium  was  tubed 
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in  12  ec.  portions  in  test  tubes  oi  uniform  bore,  and  heated  for 
three  minutes  at  120°  G.      No  differences  in  the  initial  pS  of  the 
different  sugar  troths  could  .be  detected  colorimetrically . 

One  cc.  of  IE-hour  broth  cultures  of  the  test  strains  v.as 
introduced  into  100  cc.  sterile  salt  solution.      One  cc.  of  the 
dilution  was  inoculated  into  duplicate  tubes  of  each  of  the  test 
sugar  broths.      The  test  media  were  held  at  c7°  C.  throughout  the 
manipulation  and  were  then  incubated  at  this  temperature. 
Observations  were  made  at  15  minute  intervals  and  records  made  of 
the  ti.ie  required  for  the  attainment  of  a  distinct  pink  color. 
Ihe  color  of  the  tests  was  compared  with  that  of  a  strip  of  pink 
paper. 

1.  Carbohydrates  fermented j 

Results:    Dextrose,  maltose  and  lactose  vmre  fermented  by  all 
strains;     glycerol  was  not  attacked  by  any  of  the  strains  tested. 
The  results  v.ith  the  other  test  substances  are  recorded  in  the 
tabular  summary. 

The  strain  from  sauerkraut  fermented  the  following,  test 
substances;     glucose,  maltose,   s^-ucrose,  raffinose,  lactose  and 
salicin. 

With  the  exception  of  PD,  the  lactic  strains  exhibit  the 
following  order  of  availability  of  carbohydrates:    lactose,  salicin, 
mannitol  and  sucrose.      This  is  the  »rae  order  of  availability  as 
that  given  by  JSvans  (lfl4,  1918)  in  her  descriptions  of  the  lactic 
group.      A  larger  proportion  of  t-mcrose  fermenters  was  found  than 
that  reported  by  Sherman  and  Albus.       The  fermentation  of  sucrose 
does  not  seem  to  be  correlated  with  any  other  character,  as  may  be 
seen  in  the  tabular  sumcery.      This  i:.  also  the  case  with  the  strain 
described  by  Evans  (1918).       This  fact  emphasizes  the  dangers 


attending  a  division  of  the  lectio  group  upon  a  single  character 
such  as  Jones'  su,  gestion  of  Streptococcus  lacticus  I  and 
Streptococcus  lacticus  II  upon  the  tasiB  of  sucrose  fermentation 


TalDle  IV. 

Comparative  Availability  of  Sucrose  and  Lactose  to 
Sucrose  i'erment ing-  Lactic  Strains: 

Relative  Rate  of  Apid  Production  in  Various  £ufi'ars. 

The  rate  of  acid  production  is  compared  to 
that  of  glucose  as  unity. 


Glue  ose 

Lactose 

Sucrose 

K 

1.00 

.28 

.92 

W 

1.00 

.94 

.94 

1 

1.00 

.75 

.56 

E 

1.00 

.60 

.62 

3 

1.00 

.71 

.55 

C 

1.00 

.8S 

.53 

3r. 


2.     Comparative  availability  of  sucrose  and  lactose  to  sucrose 
fermenting  lactic  strains. 

It  is  evident  in  the  above  table  that  none  of  the  sucrose  fermenting 

lactic  strains  exhibited  a  preference  for  sucrose.      It  is  proballe  that 

the  sauerkraut  strain  is  a  member  of  the  large  group  of  lactic  acid 

bacteria  which  are  particularly  adapted  to  the  fermentation  of  sucrose. 

It  is  believed  thtt  the  value  of  the  acid  fermentation  of  sucrose  as 

a  character  of  the  lactic  group  is  limited,  and  "that  its  only  value  would 

lie  in  the  ruling  out  of  strains  which  exhibit  a  striking  preference  for 

that  substrate. 

Differences  in  the  i-ate  of  acid  production  from  different  carbo- 
hydrates have  been  observed  frequently.       This  had  been  evident 
throughout  all  of  our  v.ork  on  the  carbohydrate  fermentation  reported 
before.       In  the  case  of  several  of  the  lectic  mannitol  fermenters, 
acid  production  was  evident  only  after  four  to  six  days  incubation, 
even  with  inocula  of  0.1  cc .      With  the  sauerkraut  strain,  the 
fermentation  of  lactose  and  salicin  never  occurred  until  after 
several  da;j  s  incubation.       The  rate  of  acid  production  from  these  two 
carbohydrates  is  strikingly  different  in  the  case  of  the  l^ictic  strains, 
in  which  group  lactose  and  salicin  '.vere  both  fermented  v/ithin  24  hours 
with  the  inocula  used. 

It  is  probable  that,   in  certain  cases,  great  differences  in  rates 
of  acid  production  from  different  carbohydrates  represents  a  distinction 
between  substrates  which  serve  as  sources  of  energy  for  growth  and  those 
which  are  simply  fermentable  oy  enzy-mes  (which  may  not^'elaoorated  or 
liberated  until  later  in  the  history  of  the  culture).       It  would  seura 
certain  that  the  acid  fermentation  of  salicin  and  l8,ctose  does  not 
serve  as  a  ^ource  of  energy  for  the  growth  of  this  particular  sauerkraut 
strain. 


ill.     Coagulation  of  Milk. 

Previous  reports: 

A  few  authors  have  attempted  to  distinguish  lactic  streptococci 
from  other  streptococci  by  this  character.  Others  have  stoted  that 
"pyogenic"  streptococci  may  he  ui stinguished  from  the  Icctic  type  by 
the  time  required  for  coagulation  of  milk  cultures  of  the  two  types. 
Jensen  (1919),  in  fact,  describes  Streptococcus  pyogenes  as  a  type 
which  is  vinablj  to  curdle  milk. 

Present  obser\-ations: 

With  the  large  and  "invigorated"  inocula  used  throughout  our 
tests,  all  of  the  lactic  streptococci  studied  here  coagulated  milk 
within  £4  to  '6&  hours. 

iVhile  it  if-j  true  that  most  lactic  streptococci  curdle  milk 
readily,   this  characteristic  is  by  no  means  uncommon  among  hemolytic 
'hjman  '  and  udder  strains.      Among  the  twelve  hemolytic   'human'  strains 
studied  in  this  inver    Igat'.on,   seven  curdled  milk;     all  but  one  of 
the  seven  hemolytic    'adder"  strains  also  exhibited  this  character. 
Coagulation  of  milk  is  a  comparatively  freouent  occuirence  among 
the  various  types  of  streptococci. 

Loss  of  ability  of  lactic  streptococci  to  coagulate  milk  has 
lieen  ieported  frequently.      Several  of  our  lactic  strains  failed  to 
curdle  milk  when  inocula  from  old  cultures  were  usdd.      However,  no 
permanent  loss  of  this  character  was  observed.      Although  in  some 
cases  a  laxge  niimber  of  repeated  transfers    were  reouired,  all  strains 
finally  responded  to  successive  sub-cultures,  which  were  incubated  at 
room  temperature.       It  is  possible  that  some  lactic  strains  are 
temporarily  weakened  by  continued  cultivation  at  37°  C,  although  we 
have  no  ux-perimcntal  evidence  definitely  supporting  this  assumption. 
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GEHEHAL  DISCUSSION 

All  of  the  collection  isolated  f-om  sour  milk  and  from  fermented 
dairy  products  v;ould        included  in  the  so-called  Streptococcus 
lacticus  group  by  the  usual,  casual  treatment.      It  it-  shown  in  the 
above  table,  that  most  of  these  strains  possess  the  following 
characteristics  in  conmion:     reduce  litmus  in  litmus  milk  before 
coagulation;     coagulate  milk;     in  glucose  infusion  broth  reach  final 
H-ion  concentrations  more  acid  than  pH  5.0;     grow  at  low  temperatures; 
reduce  methylene  blue  in  milk  containing  0.02  per  cdnt  of  the  dye; 
exhibit  no  pathogenicity  to  white  mice;     fement  carbohydrates  in  the 
following  order  of  availability;    dextrose,  lactose,  salicin,  mannitol 
and  sucrose;     do  not  ferment  glycerol.       Kone  of  the  strains 
fermenting  sucrose  prefer  that  substrate  to  lactone..      All  cultures 
tested  showed  the  production  of  only  small  amounts  of  trolfltile  acid 
in  milk  culture.      Methemoglobin  production  was  the  usual  behavior 

on  the  blood  plate. 

These  results,  together  with  those  of  Evans  11^16)  and  of 
Sherman  and  Albus     (1918),   suggest  that  a  large  number  of  the 
streptococci  concerned  in  the  luetic  acid  fermentation  of  dairy 
products  possess  a  certain  number  of  characteristics  in  con>mon. 
\7hether  such  a  collection  represents  a  natural  group  is  another 
question  and  it  is  not  the  purpose  of  this  paper  to  propose  any 
definite  boundaries  to  the  so-called  otreptococcus  lacticus  group. 
The  possible  advantages  to  be  accrued  from  at  least  a  temporary 
recognition  of  certain  types  as  a  working  basis  for  their  further 
study  have  already  been  suggested. 

on  the  other  hand,  the  assumption  and  recognition  of  definite 
groups  of  streptococci  entail  cettaln  disadvantages,  depending  in  no 
small  degree  upon  th.  characters  chosen  as  salient  boundary  marks 


of  these  groups.      These  disadvantages  are  evident  in  Jensen's 
recent  classification  of  lactic  ocid  producing  streptococci,  in 
which  a  large  number  of  possibly  closely  related  types  are  separated 
and  aefiJied.      Likewise,   it  seems  that  Hones'  suggestion  of 
Streptococcus  lactious  I  and  Streptococcus  lacticus  II,  not  only 
should  await  an  establishment  of  the  streptococcus  lacticus  group 
itself,  but  should  be  based  on  a  more  fundamental  charecter,  if 
indeed  such  a  division  is  desirable  at  all.      For  these  reasons, 
it  must  be  admitted  that  work  with  a  larger  number  of  lactic 
strains  than  are  reported  here,  might  indeed  show  that  the  characters 
given  above  for  the  typical  Streptococcus  lacticus  lead  to  like 
disadvantrges  in  attempts  to  bound  the  larger  lactic  group  of 
streptococci. 

The  value  of  any  system  of  grouping  streptococci  i.  in  a 
large  measure  dependent  upon  its  usefulness  as  a  working  basis  for 
fvirther  study  of  their  economic  application  and  of  their  sanitary 
significance.      From  such  a  standpoint,  definite  characterization  of 
the  lactic  group  might  prove  of  very  limited  value  to  the  medical 
bacteriologist.      On  the  other  hand,  for  the  agricultural 
bacteriologist,  more  definite  characterisation  would  furnish  a  more 
intelli..ent  basis  of  study  and  seems  to  be  required.  Frequently 
throughout  th.  literature,  certain  physiological  reactions  are 
assigned  ^o  the  Streptococcus  lacticus  group,  with  no  attempt  to  . 
establish  any  other  characteristic  oi  the  strains  involved,  than 
that  of  .cid  coagulation  of  milk.      It  is  in  this  co.mectlon  that 
the  various  interpretations  of  the  boundaries  of  the  lactic  group 
assume  the  greatest  moment. 

Even  in  the  present  incomplete  knowledge  of  streptococcal 

•  A  of  definite  but  meaningless 

relationships,  the  indiscriminate  use  of  acimi 


Ho. 

group  names       not  desirable.      Streptococci  c-ctively  coagulating 
milk  ma^  not  be  members  of  the  so-oalled  Streptococcus  lacticus 
group,  merely  because  they  were  isolated  from  dPiry  products.  For 
meagerly  described  strains  from  milk,  it  would  seem  that  more  definite 
terminology  than  "milk  streptococci"  ie  to b e  questioned. 

Two  of  the  strains  exhibited  the  Beta  type  of  hemolysis  on  the 
blood  plate  and  actively  hemolyzed  rabbit  blood  corpuscles  in  saline 
solution.      The  exhibition  of  hemolysis  by  these  strains  reises  the 
interesting  question  of  whether  or  not  some  of  the  hemolytic  streptococci 
of  milk  would  conform  to  Bvans'  more  definite  characterization  of  the 
Streptococcus  lacticus  group.      In  the  absence  of  data  on  the  relotive 
amounts  of  lactic  and  volajile  acid  produced  in  the  fermentation  of 
milk,   it  is  impossible  to  answer  this  question.      It  may  be  seen  in 
the  tabular  si;unmary,  however,  that  the  hemolytic  strains  agree  with 
all  of  the  other  characters  of  the  lactic  group.      It  is  possible 
that  these  strains,  together  with  those  reported  by  Davie  (1918) 
and  by  Salter  (1921),  represent  examples  of  the  overlapping  of  present 
systems  of  nomenclature  and  classification  of  streptococci. 

It  is  desired  to  call  attention  to  the  source  of  the  two 
hemolytic  strains  described  in  this  paper,   and  to  their  apparent 
fitness  for  the  struggle  for  microbial  supremacy  in  milk  and 
milk  products.      The  existence  of  such  strains  suggests  that  at 
times  hemolytic  streptococci  may  be  the  predominating  type  in  some 
samples  of  milk  even  during  the  later  periods  of  its  handling. 
Again,  such  hemolytic  streptococci  my  be  added  in  large  numbers  as 
"starters"  in  tne  imnufacture  of  various  dairy  products.  ^Hese 
products.  Whether  pasteurized  before  or  after  the  inoculation  of 
the  "starter",  would  contain  hemolytic  streptococci  in  large  numbers. 
Wlxile  these  strains  are  probably  of  no  sanitary  significance,  the 


temperature  relations  of  such  strains  may  explain  cases  in  which 
larg-e  numbers  of  hemolytic  streptococci  are  found  in  milk  and  milk 
products.      In  the  usual  method  of  grouping  hemolytic  streptococci 
these  strains  would  be  included  in  the  "bovine"  type  and  could  be 
distinguished  from  hemolytic  streptococci  of  human  origin  by  the 
method  of  Avery  and  Cullen  (1919). 


HZ. 


SUiMARY 

A  review  of  th&  literature  on  the  lactic  group  ox  streptococci 
is  presented,   in  which  emphasis  is  placed  upon  the  need  for  more 
definite  information  regarding  the  toundsries  of  this  group. 

The  lactic  strains  studied  were  isolated  from  sour  milk, 
"starters",  and  other  fermented  milk  products,  as  probable  sources 
of  the  so-called  Streptococcus  lacticus.      These  strains  have  been 
subjected  to  a  number  of  tests  which  have  been  used  by  different 
authors  in  the  description  and  differentiation  of  different  types 
of  streptococci.  ■t<-^ta-fi*<-»*t'-^.o-f^ 

From  this  study,  we  hfve  reached  the  follovdng  conclusions: 

1.     The  literature  reports  that  many  strains  of  the 
type  usually  dominant  in  soui'  milk,  possess  a  number  of  cormnon 
physiological  characteristics.      These  may  or  may  not  represent 
a  natural  group.      A  summation  of  characteristics  by  a  large 
number  of  workers  may  serve  in  the  future  recognition  of  the 
group  as  a  type. 

E.    At  the  present  time,  there  is  no  differential 
character  v.hich  can  be  used  as  an  independent  test  to  distini,uish 
this  group.      Certain  characteristics  seem  to  offer  ueanB  of 
differentiating  tue  lactic  streptococci  from  certain  other 
types,  but  different  criteria  must  be  used  in  different  cases. 

3.     Tv/o  strains  of  nonpathogenic  hemolytic  streptococci 
exhibit  characters  which  suggest  that  hemolytic  surains  may  not 
only  be  present  in  milk  or  milk  products,  but  may  take  an  active 
part  in  the  lactic  fermentation  of  dairy  products. 
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(Explanation  of  the  Plate •} 


ffig.  1. 

Appearance  of  Blood  Agar  Colony  of  Xadifferent  Strain. 

Strain  S2.      Colony  after  48  houra  inoubation  at  37°  C; 
Ghowing  no  change  of  tho  blood  eorpusclee  surrounding  the 
colony. 


Fig.  2. 

Usual  Appearance  of  Colony  of  Methemaglobin  Producing  Strain. 

Strain  S,      Colony  after  24  hours  incubation  at  37®  C. ; 
Showing  aone  of  discolored  corpuscles  surrounding  the  colony. 


Fig*  3. 

Appearance  of  Colony  of  Uethmeglobin  Producing  Strain  After 
Hefrigerrtion. 

Strain  S.      Colony  after  48  h >urB  refrigeration  at  10*  C. , 
follov/ing  48  hours  incubation  at  37°  C. ;    showing  a  cle?  r  zone 
surrounding  an  inner  n  in^^  of  non-hcraolyzed  but  o  iscolored 
oorpusoles  next  to  the  colony.      The  clear  zone  appears  upon 
refrigeration  of  olood  platua  of  mothera- globin  producing  strains 
after  previous  inoubation  at  37^^  C.      This  phenomenon  is  terined 
the  alpha  t.jpe  of  hemoly;  is  by  3inith  and  Brown. 


Fig.  4. 

Ap  vearance  of  Blood  Agar  Colony  of  Beta- Hemolytic  Strain  from 
Sour  Milk* 

Strain  X,      Colony  after  18  hours  inoubation  at  37°  C,; 
showing  a  v/ide  clear  zone  as  the  result  of  himolyais  of  the 
blood  oorpusoles  surrounding^  tho  colony.      This  is  termed  tho 
Beta  type  of  hemolysis  by  Smith  and  Brovm. 


Fig.  6. 

Appearance  of  31ood  Agar  Colony  of  Beta-Hemolytic  Human  Stxfiin. 


Strain  S32:.      Hemolytic  htim^n  strain  included  for  oompariron 
with  tho  hamolytie  sour  milk  strain  shown  in  l<'ig.  4* 
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PA-KT  III. 


"A  COMPARATIVB  STUDY  0?  TUK  ?]2PT0LTTIC 
itC'i'IVITY  OP  DIi??EHP£T  miSS  OF  STIfi^PTOCcCC  I, 
uITH  SPKCIAl  BiLPBH3IICS  TO  THB  Ul^UiSfiCB  OF 
iSHVIROIiiiiaTAL  COHTilTIOHS". 


"A  OOmR-TIVE  STUDY  OP  TH.:  r'/iPTOLKTIC  ACTIVITY  OP  Dli'PKHEHT 
:Y  M3  Oi'  bTREPTOOOOCI,  « ITH  SPKOIAL  EKFKiiSMCifi  TO  TH')  IM>'LOr'IlCB 
l-iOLiiiKSi'SkL  COHiJiTIOHS." 

INTiiODUCTIOH. 

I.  Activities  of  Streptococci  in  Nature. 

II.  bignifioance  of  i^rotoolytic  Action  of  Stroptocouoi. 

III.  (iroaping  of  Streptococci  de  a  Basis  of  Phisiological  t>tudy. 
rv.    Sroups  Chosen  for  Study. 


IHVKSTIGATIOB. 


Purposes. 

A  comparison  of  the  peptolytic  activity  of  different  types 
of  streptococci. 

A  recognition  of  the  significant  influence  . 

thG  following  two  soctions. 
U.)       comparison  of  the  relatine  influence  of  environmental 
conditions  u.^on  the  pept*lytlo  activity  and  other  life 
processes  of  different  types  of  streptococci. 

action  of  the  different  streptococci. 

(B)      A  compari.cn  of  the  peptolytic  activity  of  different  types 
of  streptococci  under  the  forefioiug  stanaardiaed 
optimal  environmental  conditions. 


General  Methods. 


I,  Chdtaical  keihods. 

1,  Determination  of  amino  nitrogen. 

2,  DeteiTttination  of  aminonLa  nitrogon. 

3,  Control  of  volu;ie  of  tetjts. 

II,  Bacteriologioal  Liethode. 

1.  Condition  of  inocula  end  purity  of  toots. 

2.  i-ethodB  used  for  tho  approximate  comparison  o£  |^®„^^J;^J^5;« 
nuLiDGrc  of  r.ctivo  eel  IB,  or  lor  comparison  oi  .lie  t^«neral 
I7mth  condition"  or  vi^alit^  of  different  cultures  of  the 
same  strain  of  stroptococcus. 


isection  A, 

THE  MLI^'SITI  imU}^C&  OF      Vliv^MEHOliL  COIIDlTIOflS  UPON  THE  LI^IS  PK0GESSB8 

PjiFrOLYilC  ACTIVITY. 

I.      Influence  of  H-ion  Concentretlon  upon  the  Poptolytic  Action 
End  Other  Life  Procesees  of  Mf  er  rit  Tjpes  of  streptococci. 

1.  Influence  of  H-ion  concentration  upon  amino  nitrogen 
increabes. 

2.  lufluenco  of  H-ion  ooncontraticn  upon  the  growth  and 
viability  of  different  t-^BB  of  streptococci. 

ft      HGlatLvo  «oid  tolerance  of  i-he  diffoi-ent  types. 

b*     tofim  ncu  Sf  H-ion  concentration  upon  the  r^te 

^*     ^oSh  and  longevity  oi  different  types  of  streptococci. 

S.     Summary'  and  diBCUSsion  of  the  ^^^-1'^^"°®  °! .  J"5°^f--.„nt 
coneeutratlon  upon  the  life  procea.ee  of  the  drfieront 

type  strains. 


3. 


II.    Inflaence  of  the  Stage  of  Growth  oi  tHe  Culture  Upon  the 
Increasee  in  iimino  and  AxmnoniP  Hitrogen. 

1.  Sxperlmeutal. 

2.  General  diseuesion  ol  the  relation  of  growth  stage  of 
the  culture  to  inoroasee  in  amino  and  smraotoiP-  nitrogen. 

a.  nature  of  nitrogor]  distribution  in  peptone  DrothR. 

b.  Lieaning  of  «mino  ..nd  -niraohia  nitrogen  increaeea  in 
bnetarial  cuituree. 

e.  Possible  sources  and  methouB  of  forau  ion  oi  ■mino 
and  amfooaia  compounds  in  peptone  broth  oultuxee  of 
streptocooel. 

III.  Influence  of  Tempeiatnre  Upon  the  Peptoljtic  Action 
and  Upon  Other  life  prooeacer  of  Different  Types  of 
Streptococci. 

1.  Influence  of  dilferent  temperaturos  upon  amino  uitrogcii 
incr(3ai3e3. 

2.  Comparison  of  amino  nitrogen  inoraases  at  87°  and  41  C. 

6.    Influence  of  siae  of  inoouluia  upon  iimino  nltrofion  lnoroaB«« 
at  optimum  taIDp•ra^li^e.  and  at  temperatures  above  the 
optimuai. 

4.     Iniluenoe  oi  ttimperatures  above  tne  optimum  upon  the 
final  H-ion  concentration  in  glueose  bvoth. 

6.     InfluoncQ  of  temperature  upon  the  rate  of  growth,  '^nd. 
upon  zhe  activity  and  vitf.lity  of  different  typeo  oi 
streptococci. 

a.  Helatlve  rate  of  growth  of  the  different  streptocoooi 
at  dixierv.nt  te.r.peratureB.      ^.  ,^        ^    .4.  „f 

b.  Gaaparison  of  the  relfttive  activity  and  vitality  of 
cultures  of  the  different  t^pos  of  ctrepuocacci  wnea 
incubated  at  differunt  temperatures. 

6.    Summary  and  disouSBion  of  the  influeace  of  temperature 
upon  the  life  processes  of  th.:    different  types  ox 
strentocccci. 
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IV.     Inilueuoe  oi  Oxyten  Concentration  Upon  Amino  ^iioi-o^ren 
Increases. 

Oi.oiii.-x  ^nvironaivjnt&l  Gonditione  for  tlie  Diiferent  Typos 
ae  iiiiown  bj  tht  r'oregoing  otud^ . 

beet ion  B. 

SiaiSPJOGOCOl  UUDSJH  SHE  .".  E  GOinG  aT-llJU'-HDIZEL  OP?tiAL.  l^'l V.Olii^TAL 

coaDiTioas. 

I*    Preliminary  Stiiteoents. 

1,  ueiation  to  prtcoding  studies. 

2.  Deeeripuion  of  groups  t^nd  stjreins  studied* 

II.    Comparison  oi  Amino  and  of  Ammonia  nitrogen  Increases 
,  yhi hit.ftd       Liiferent  Jiembers  ol  the  Lactic  Group,  and 
by  Streine.oi  Other  Typee  of  Streptococci. 

HI.    Comparison  of  Amino  Hitrogen  moreeBes  Efiected  by 
Difierent  'ryi.ee  of  streptococci. 

IV.     i^enexel  iiiDci^sion  .>Z  the  Oonpar-itlve  Peptolytic  ■  ctivity 
of  Uiffarc-nt  Types  of  Streptococci. 


IHa'HODUCTIOB 


I,  Aotivities  of  Streptooocoi  in  Mature. 

Streptoeooci  appear  in  the  most  divergent  rolos  in  nature. 
The  lactic  group  of  streptococci  are  reoognizod  as  important 
agents  of  lactic  acid  fermentation.      As  such,  they  are  employed 
in  the  production  of  butter,  certain  choe.es.  various  fermented 
milks  and  other  dairy  products.      Again,  the  aoli.ities  of 
certain  streptococci  are  Involved  in  tho  pre  aratioa  of  many 
fermented  plant  food  stuffs,  as  silage,  snuerkraut  and  certain 
pioklus.      some  streptococci  are  frequoatly  associated  with 
severe  human  pathological  conditions.      Others  aro  commonly 
found  ill  the  udders  of  cows  and  are  associated  with  mastitis; 
still  others  appear  to  bo  harmless  inhabitants  of  the  alimentary 
and  rospiratory  tracts  of  man  and  other  animals.      Due  to  the 
obvious  importan.e  oi  the  various  types  of  streptococci,  more 
definite  knowledge  concerning  their  metabolism  shoul*  be  obtained 

Knowledge  oi  the  physiological  properties  of  the  organism 
is  essential  to  an  appreciation  of  the  actual  means  by  which 
different  streptococci  produce  important  changes,  whether  in  milk 
in  butter,  in  cheese,  or  in  tho  muman  body.       It  is  only  by  the 
gradual  illumination  afforded  by  cumulative  investigations  that 
thoir  fundamental  life  piocesses,  and  the  conditions  controlling 
their  operations  can  be  interpreted.      Such  an  interpretation 
must  be  the  foundation  of  intelligent  application  of  thoir 
activities  in  agriculture,  and,  likewise,  must  underlie  the 


intQllig-.nt  control  of  the  insidious  activities  oi  other  kinds  of 
streptococci  in  the  production  of  disoase, 

II,  Significance  of  Proteolytic  Action  of  Strdptococci, 

Among  tho  varied  processes  involved  in  mi  >.roi>ial  activities, 
those  concerned  in  the  nitrogen  metabolism  of  streptococci  have 
received  comparatively  little  attention.      Altho",  under  certain 
conditions,  streptococci  are  essentially  acid  forming  microorgani 
their  protoolj^tic  activities  assumo  importance  from  many  aspects. 
Following  from  the  importance  of  proteolytic  changes  in  systems 
in  which  streptococci  may  be  the  active  agents,  the  tiignif ioance 
of  this  phase  of  th*ir  metabolism  ramifies  from  a  more  or  loss 
common  center  into  procesees  of  ..loraont  in  agriculture,  medicine, 
and  public  health. 

III.  Grouping  of  Streptococci  as  a  Basis  of  Physiological 

Study. 

Certain  important  considerations  must  prooode  the  active 
investigation  of  an^  of  tho  physiological  processes  of  different 
members  of  tho  streptococcus  genus.      Before  assigning  definite 
functions  to  certain  streptococci,  it  must  be  more  or  less 
definitely  understood  to  what  particular  members  of  the  genus, 
the  results  of  such  researches  may  be  projected. 

notwithstanding  tho  probable  fallacies  of  a  systematic 
classification  of  streptococci,  an  intelligent  pmrsuit  and 
interpretation  of  inveetigations  of  any  of  their  physiological 
processes  require  a  certain  differentiation  between  different 


streptococci.      In  spite  of  the  fundamental  differences  v,hioh 
would  seem  to  exiet  among  nicroBrganisms  whiali  function  in  auoh 
difisient  ways  as  do  manj?  of  the  streptococci,  this  gonus  has  oeen 
unique  in  its  resistance  to  the  usual  differential  methods  of 
the  bacteriologist.      ii'or  this  reason,  methods  of  o if forontiation 
of  streptococci  ar_  usually  limited  to  distinguishing  bctwu«n 
certain  large  groups.      These  groups  f nd  th«ir  contents  have 
varied  with  the  method  ox  classification  and  with  the  purpose 
of  the  invest igiitor. 

IV.  Groups  Chosen  for  Study. 

That  there  are  many  of  these  groups  must  follow  from  the 
varied  activities  of  etreptococoi.      Those  chosen  fer  study  in 
this  investigation  represent  only  four  of  the  most  important 
divisions  :     (1)  the  so-called  "lactic"  group  of  sour  milk, 
(2)  tho  "human"  hemolytic  group,  tc)  the  "bovine"  hemolytic  group, 
(4)  the  "cheese"  hemolytic  group. 

The  "lactic"  tipe  represents  the  large  ^roup  of  streptococci 
which  function  as  agents  of  the  lactic  fermentation  of  milk  and 
milk  products.      The  "human"  t.pe  of  hemolytic  streptococci 
represents  a  l*irge  group  usually  from  human  sources  and  frequently 
associated  with  pathological  conditions.      This  group  is 
distinguished  from  other  hemolytic  streptococci  by  the  lower  H-ion 
coucentration  reached  in  glucose  broth  cultures  (Avery  and  Cullen). 
The  "bovine"  type  or  "high  acid"  group  of  hemolytic  streptococci 
probably  includes  strains  from  various  sources  in  nature.  In 
this  investigation,  the  "bovine"  group  of  hemolytic  streptococci  is 
represented  by  strains  obtained  from  the  udder  of  cows.  ^uch 


strains  are  frequently  associated  with  mastitis.      The  "cheese" 
hemolytic  type  represents  a  large  e>roup  of  horaolytic  streptocooei 
which  seem  to  be  quite  commonly  present  in  cheese. 

These  ,  roups  havu  been  established  by  bacteriologists  as 
conveniont  oases  for  further  study.      They  have  been  proposed 
by  the  original  authors  as  a  convt^nient  means  of  treating  in  a 
colleotive  manner,  certain  large  collections  of  strains  having 
a  number  of  common  characters.      The  fact  that  their  member a 
also  have  a  more  or  less  common  economic  i  -.portance  lends  value 
to  these  divisions  and  furnishes  a  logical  basis  for  collective 
treatment. 

Comparative  studies  of  these  different  types  of  streptococci 
seem  particularly  desirable  in  the  face  of  their  obvious  economic 
importance.      The  importance  of  the  lactic  group  has  been  developed 
in  parts  I  and  II  of  this  thesis.      The  human  type  of  streptococci 
is  perhaps  most  important  in  medicine.      However,  its  close 
relationship  to  the  luetic  streptococci  renders  comparative 
studios  of  the  two  types  an  essential  step  in  the  gradual 
developmont  of  a  future  true  understanding  of  the  T6le  of 
streptococci  in  agriculture.      iluch  the  same  may  be  said  in  the 
case  of  the  bovine  or  mastitis  group  of  streptococci.      The  possible 
importance  of  the  large  number  of  hemulytio  strains  included  in 
R.  C.  Avery's  cheese  group,  can  not  bo  overlooked  in  a  survey 
of  the  probable  biological  agents  of  chees*  ripening.  These 
four  groups  are  particularly  deserving  of  comparative  studies 
because  of  the  fact  that  not  infrequently  all  four  of  thece 


types  of  streptococci  may  be  xound  in  one  sample  of  market  milk. 
Here,  a  knovvl  dt,o  of  the;  conditions  controlling  the  Buoceseful 
operation  of  their  life  processes,  will  furnish  some  idea  of 
the  possibilities  ol  their  continued  growth  in  the  milk  or  in 
products  inanufactured  from  milk,  -  in  short,  their  significance 
in  dairy  foods. 


1IIVB£;TIGATI0II. 


PurpOBee : 

The  general  purpose  ol  the  investigation  is  a  study  of  the 
peptolytic  activity*  of  diffei-ent  typos  of  streptococci. 

'.'.hilo  our  principal  interer.t  is  centered  iii;on  the  lectio 
strept icocci  of  dairy  lactic  fermentations,  the  peptolytic 
action  of  the  laotlo  streptococci  is  compared  vjith  other  important 
types  oi  streptococci  unich  Cie  closely  related  to  the  lactics, 
and  which    Ibo  are  of  undoubted  cignif icance  in  dairy  products. 

A  comparison  of  the  extent  or  "activity"  of  any  biochemical 
process  requires  a  strict  definition  ox  the  system.      This  Is 
trao  in  the  case  of  t.he  study  of  anj  group  of  raicroarganiems; 
it  Is  oBpeelall^  required  in  the  case  of  streptococci,  which  are 
ainonc  all  microax-ganisms  perhaps  the  most  responsive  to  envlronmentcl 
conditions.      Hence,      comparative  study  of  the  peptolitic  activity 
of  different  types  of  streptococci  requires  a  recognition  of  the 
import'  nt  influence  v.hich  oortain  factors  in  the  environment  may 
exert  upon  the  action  of  the  poptoli.tic  processes  of  microflrganiamB. 


*The  term  "pfc;ptolitie  Activity"  is  a&o      n  thif-  paper  ar  an 
expression  of  the  lncr..ascs  in  smino  nitro^  on  which  follow  the 
bacterial  cleav  ge  of  the  vaxi  us  corapounds  present  in  'peptone  . 
The  nitrosen  of  the  mixtures  of  partially-  hydrolized  protein 
products  icnovm  couip.erci  lly  as      eptone",  is  larpely  in  the  form 


of  peptide  nitrogen.      iiy  peptide  nitrogen  ia  meant  nitrogen  found 


reTOer"p0pt8iysi8",'-  a'  term  indie:  tivo  of  tho  nature' of  the  substancei 
undergoliig  hydrolysis.      The  procesc  of  "peptolycis"  consii ate  in  the 
splittincTof  the  peptide  groups,  from  ecch  of  which  is  generated  a 
c?rboxj,l  group  end  an  amino  froup,  as  indicated  m  the  iollowlng 
oquaticn  (Van  Slyke,  1917) 

Hl<H-CO-ii'  yxmuz  +i'.*COOH. 

For  further  discuQElon  o:.  tho  relati.  ns  involved  B>iC  Van  Sljke  ||| 
(11=17),  b.i.i  pp.  01  this  j^a^jer. 


naturally  lall  under  the  xollowins  tv/o  direct  objects  —  oi 
sequont  tagnlficence  rather  tliE.n  c±  coordinate  v!.;luti. 


(A)    A  comparlGon  oi  the  relative  influence  of  environiiiontal 
conditions  upon  the  peptolytic  activity  and  other  life  piocesses 
of  different  types  of  streptococci. 

In  thi  f  seoticn,  the  influence  of  unvironraontal  conditions 
IB  inveetigcted  for  the  purpose  of  estnbllBhing  the  optimum 
conditions  for  "the  reptAlytic  action  cf  the  different 
streptococci. 

In  addition  to  the  estahlielmiont  of  the  optinium  conditions 
as  an  intelli£,ent  b?  sie  upon  which  to  define  the  Sisterat  in 
which  the  compericona  ere  to  be  made  in  Section  B,  Section  A 
will  also  present  data  of  independent  value. 


(B)  A  comparison  of  the  peptolytic  activity  of  different 
types  of  streptococci  under  the  foregoing  standardized  optimum 
environmental  conditions. 

In  this  eection,   the  peptolytic  action  of  different  streptoeoocJ 
is  compared  under  the  optimal  environmental  oonditioni  v.'hich 
were  established  in  Section  A, 


Oeneral  Methods. 


I.  Caeuilcal  Methode. 
iieaBurements  of  emino  nitrot,en  ana  of  ammonia  nitrogen  ware 
chosen  ae  the  basis  of  the  stud^  of  the  peptolytic  action  oi  the 
streptoiocci.      The  stud^  V/as  limited  to  the  produotion  of  these 
products  in  meat  infusion  "jjeptone"  broth,  the  ueual  medium  of 
eultlvati  :o.  of  these  organisms.      Tihila  the  results  ao  obtaijaed 
ma^  not  apply  to  the  action  uoon  intact  proteins  thiimselvos,  or 
even  upon  more  complex  protein  uerlvatives,  they  at  least  serve 
as  an  index  of  the  action  of  streptococci  upon  peptiaes  find  other 
constitueatsi  of  comniercis;l  "iseptone", 

1.  Bcterminations  of  amino  nitrogen. 

Amino  nitrogen  determlriations  were  m?de  by  the  nitrous  acid 

method  of  Van  Slyke.      The  micro  apoarotus  described  in  1513  was 

used  with  the  a  ce.  gas  burette  de.oilbod  in  1S16.  Direct 

determinat-ions  wero  made  from  2  oc.  samplee  of  the  culture. 

Conditions  and  precautions  pre  scribed  by  the  author  of  the 
method  were  observed.      In  addition,  sll  determinations  weru  n»de 
under  tomperfture  oondii^ions  vaxying  only  betv.een  22**  and  250  C. 
Duplicate  determinations  were  made  of  o.cb  test. 

iuaino  nitrogen  is  expresoed  in  tables  given  in  the  text  as 
mg.  ;iH2-M  per  100  cc. 

S.  Le terminations  of  ammonia  nitrogen* 
Ammonia  was  determined  by  the  method  dosoribed  by  Van  Slyke 
and  Cullon  (1914,  1916).      Careful  attention  was  givon  to  the 
conditions  governing  the  accuracy  of  the  method  (Van  Slyke  and 
Cullen,  1916). 


If. 


10  CO.  of  saturated  oolutlon  of  ^o^s  added  to  10  cc. 

ol  the  saraple  undei  analysis.      T\70  drops^octyl  aloohol  were 
added  to  prevent   .  oamlng  am!  vm  ioni.s  vas  a^jrated  into  F5  cc.  of 
.02  n  HCl.      The  acid  neutralized  was  determinod  titration 
with  0.02  n  WaOH,  ueing  soiium  alisarin  sulphonate  as  indicator. 


Aramunio  nitrogen  it>  reported  in  tabloe  in  tiio  toxt  as  mg. 
per  100  cc. 


a.  Control  of  volumo  of  tests. 
All  cultures  wer.,  incubated  in  moisture  saturated  incubators; 
vaporation  of  t-sts  wps  controlled  by  weight. 

II,  liatjteriologioal  liethods, 

1.  Condition  of  inocula,  ami  purity  of  tests* 
Uiilesc  stated  otherwise,  all  tost  cultures  received  inocula 
of  0,1  cc,  of  12-  to  18-hour  broth  cultures  which  had  been 
"invigcrated"  by  at  least  4  t>uccef  sive  12-hoar  transfers. 

The  purity  of  all  test  culturos  was  controlled  by  microscopic 
..xemihatlons  and  cultural  tests.      The  latter  consisted  of 
subcultures  upon  infusion  agar  plates  for  detection  of  contaminations, 
or  of  milk  cultures  to  distinguish  bdtween  the  type  strains  them- 
selves. 


2.  Methods  ui:ed  for  the  .  pproxiiaate  compari..o.n  of  the 
relative  numberf.  of  active  cellr.,  or  for  oomparlson 
of  the  "general  growth  condition"  or  vitellty  of 
different  cultures  of  tho  same  strain  of  stri.ptoooccus, 

a.  The  plate  method* 

In  the  first  of  our  e^pariuents,  the  number  of  viable  cells 

is  approximated  by  the  usual  plate  method*      i'his  lb  th<-  commonly 

aoceptea  method  in  general  microbiological  iitadiee.      At  uest  it 

can  present  uut  approxliiate  figures.      The  errors  inherent  in  the 

method  are  particularly  evident  in  the  case  of  long  cliained 


streptococci.      Pos.  ibly  in  i^art  cue  to  this  fact,  the  plate  method 
did  r.ot  prove  very  Sfitisfactor.>  in  th.  case  ol  towte  of  the  "hjmian" 
anu  "bovine"  strains.       (This  dimculti'  is  ali;o  reported  by  iostor 
(1921)).      i.ioreover,  considorable  labor  is  involved  in  rnaking  a 
detoiininatioa  of  a  large  series  by  this  method,  as  plates  should 
be  poured  at  least  in  triplicate  to  insure  any  degree  of  aoo-urncy 
at  all.      In  case  of  tests  in  which  tho  worker  has  no  previous 
knowledge  of  the  approxiraate  number  of  cells  present  in  a  sample, 
a  still  lai-gor  number  of  plates  at  different  dilutions  is 
necoBsary. 

lor  these  reasons,  tho  following  method  was  introduced  in 
thu  latt&r  part  of  our  work. 

b,  principle  of  method  used  in  part  of  this  investigation. 

Streptococci  uxo  eseentially  acid  formirig  organisms.  When 
these  organisms  are  pr<.;Svjnt  in  systems  prosenting  an  easily  iermented 
su^&r,  they  utilize  that  substrate  as  the  primary  source  of  energy. 
Upon  the  introUuotion  of  these  organisms  into  glucosfc  broth,  their 
reprot uotion  is  dependent  upon  the  energy  yielded  by  tho  laotic 
fermentation  of  the  sugar.      This  reaction  yields  e  product, 
increaeee  ol  which  are  easily  detected.      Hence,  these  relations 
may  bo  r  garde o  as  ustablisheu :     (1)  the  fermentation  of  glucose 
is  th^  basic  and  es.  ential  life  p.ooess  of  lactic  acid  producing 
streptococci;     (2)  this  reaction  yields  a  product  whose  accumulation 
ct  n  bo  /jieasured  aecui'atel^  . 

It  remains  to  e&tii.blish  the  conditions  determining  tho  rate 
of  acid  production.      These  relatious  have  been  discusLC    in  detail 
in  ■('art  I  of  this  peper  { "Thoorttical  progress  of  Lactic  Acid 
Fermentation".)      The  following  is:  but  a  brief  stoteiuent  of  the 


general  principleB  determining  the  rate  of  production  of  the  aoid 
product.      The  acid  produced  in    lucoso  media  toy  growth  of 
streptococci  ntay  bo  regarded  as  dej'endont  upon  the  multiplication 
of  cells.      The  miltlplication,  of  course,  is  devencent  upon  the 
number  of  cells  in  the  initial  inoculum,  and  will  follow  in  a 
general  v-ey  the  curve  of  organic  growth,  during  the  earlier  period 
of  the  fermentation.      In  this  eerliei  period  before  Iniiibiting 
fretors  influence  the  curve  of  growth,  the  retc  of  aoid  production 
in  a  oef Inite  end  ideal  8.v8tem  brought  about  by  r  defined 
fermenting  agent  is  then  dependent  upon  the  number  of  active  oellB 
preBent  in  the  initial  inoculum  v;hich  i.i   introduced  Into  the 
fermentetlon  eyetcm.      These  relations  will  hold  for  a  particular 
strain  of  streptococci,  provided  the  orgsniems  introduced  into  the 
tef^t  system  are  ■  ble  to  begin  multiplioatlon  at  an  equal  rate* 

The  conditlonB  influencing  the  Initial  phi-nomena  of  groTi-th 
arc  discussed  in  the  reference  given  above.      However,  it  may  be 
briefly  stntod  here  that,  at  least  in  an  ideal  culture  me lium, 
growth  will  be  initiated  at  f=n  orderly  rate,  provided  th  •  Inocula 
are  taken  from  yowoR  cultures  which  liave  not  been  subjected  to 
unfavorable  environments. 

rhe  principles  of  this  metnod  developed  above  may  be  restrted 
as  follows:     (1)  the  fermentation  of  glucose  in  glucose  media  is 
tht  fund  mental,  energy  obtaining  life  prooese  involved  in  the 
growth  of  lactic  ncld  producing  Btroptoooocl;     (2)  this  reaction 
yields  a  product  v.hose  concentration  ofln  be  measured  accurately; 
(3)  the  rate  of  production  cf  this  reaction  product  is  a  function 
of  the  rate  of  multiplicction  of  the  bacteria  introduced,  /)rovided 
tests  are  limited  to  the  early  stages  of  the  reaction  in  the  ideal 

fermentation  systems  described  ao 


o,  SlBnipulation  of  the  method. 
It  is    esired  to  compare  either  the  relative  number  of  active 
cells,  or  the  "general  growth  conaition"  of  .Afferent  cultures  of 
the  same  strain  of  streptococcus.      A  series  of  cultures  of  the 
same  strain  are  to  oo  tested  with  either  of  the  alcove  objocts  in 
mind. 

.Ociual  amounts  of  each  culture  in  the  series  is  introduced  into 
equal  nmounts  of  elacose  broth.      Ihe  original  inocula  represent 
equal  volumes  of  each  test  in  the  scries.      Ihe  glucose  broth 
represents  an  ideal  fermentation  system  in  which  the  rate  of 
acid  production  is  dependent  upon  the  multiplication  of  the 
bacteria  introduced.      Tae  increase  in  the  concentration  of 
the  aci.  is  detected  by  yn  indicator  present  in  the  system. 
Tho  time  required  for  the  production  of  «cid  sufficient  to  give 
the  indicator  a  definite  color  is  recorded. 

means  ox  obtaining  a  ^"^11/';^?^° /J^^f  ,,^^ifc  ?o  tu.es  of  IP  ce. 
of  the  .nation  iv  ^^on  xntrouuoed  into  ouplic.^to  indicator. 

of    lucose  infusion  broth  containing  l:"^!^®^.  .  "^tec t  tr.bes  of 

?kc  .luoose  broth  ia  ^ubed  In  .easuj^a  pu^ntiti^ 

uniform  bore  are  used.  J  .  i"X»inn,       Wee.   t^lucone  broth  test 

thoroughly  to  ^-^'f  ^'^'^^^  J^,i"°?&^r'in  a  ^asserSann  bath.      (  The 
cultures  are  tl^e^/^^^S  t    brmipSt  to  a  temperature  of  57° 

arorf  inocJUfon  aSdl^.  ^I^tain^raf  that  te.paUture  throughout 
the  manipulation. ) 

Ob.erv:    ion.  are  made  -^^^  ^^^^^^^InoJ^^^l^^' 
broth  tests  nre  Bhuk.n  several  .iwos  ^.^'^'^igtinct  pinl:  color  of 
The  tl  ae  requirod  for  the  attainment  J^/^^f        /^h  ox  ^he  tests, 
the  Andrade  indicator  is  r«P°^*®^^^\}?J  f^tr^p  of  pink  ..aper  as 
The  color  of  the-  tests  ^''^«/-°"I'"^^^'^^,J,/o>?mateU  value, 
a  means  of  obtaining  cn  end  point  "^^^ator  v. ill  be  discussed 

The  r.civanta,os  and  disadvantages  of  this  xndica^^ 
in  following  paragraphs  unde.   the  t-av^aws"^ 
the  method  itself. 


d.  Use  of  the  method. 
'j?hd  ttses  of  vnjf  method  of  comparison  are  dependent  upon  its 
principles.      The  principles  of  this  method  have  been  stated  above, 
i'or  the  convenience  of  the  reader  and  the  Interpretation  of  the 
eorapariaons  in  which  it  hf^a  been  employed,  they  may  be  festatod  as 
follows:    Under  equal  temperature  conditions,  the  time  required 
ior  the  production  of  a  definite  concentration  oi  the  reaction 
product  is  dapondeat  upon  the  speed  oi  the  reaction.      The  speod  of 
th3  reaction  of  luetic  fermentation  in  its  earliest  period  is 
dependent  upon  the  numbex  of  cells  and  tho  multiplication  oi  the 
fermenting  agent.      She  method  as  a  whole  then  is  dependent  upon 
the  conditions  influencing  multiplication.      Its  uses  then  are 
dependent  upon  these  conditions. 

The  conditions  determining  multiplication  have  been  given  la 
detail  in  Part  I  of  this  paper.  ("Theoretical  Progress  of  Lactic 
^cid  fermentation")      nothing  more  will  be  given  here  than  a 
statement  of  the  conditions  under  v.hich  the  method  has  been  used. 

I  ABoroxlmate  oomi^rison  oi  th.  numbers  of  active 
ceils  In  d?iferont  cultures  of  the  same  streptococcus. 

Vhis  oas^  requires  the  strictest  definition.      Hot  only  must 
all  of'the  condIt?ons  involved  in  th.   ^--Jf  ^  .^^-J^f  iS^efinite 
obser-.ed.  but  comparisons  must  also  be  liMteu  to  cextain  aexmii^e 

series  of  cultures. 

nail  multiplioatJon,  and  consequently  acid  production,  are 
dependlat  Soi'SetbiuW  of  the  number  of  cells  inoculatec^  t^ 
Initiate  sro^vth.      In  ideal  ?i,e  ??gor  o^tSS  colls, 

in  rate  of  multiplication  of  the  bacteria  v;ill 

Hanee.  tho  acia  proauction  and  '"^JH^^^^e^itaJet  are  seeded  with 
follov-  the  oui'vo  ux  growth  onl,  i.,^. 'T'^^.^f  h'^.revious  unfr.vorable 
young  cells  which  have  not  been  subjected  to  previoub 

conditions. 

H-nce.  for  reasons  given  above.  t;.c  method  cesorifced  can  be 
used  for  a  comparison  of  numbers  of  cells  in  the  case  of  young 
cultures.      under  the  conditions  prescribed  it  is  believed  tha* 


17. 


the  ti.nc  requirod  for  tho  production  of  a  definite  amount  of  aoid, 

is  a  fimotion  of  Iho  initial  manber  of  cells. 

This  set  of  conditions  was  maintained  in  ihe  study  of  the 
injluouoe  ox  different  temperatures  upon  the  rate  of  growth. 
Here,  n  aeries  oi  flasks  containing:  ettual  voluifles  of  i.roth  v/ere 
hold  at  different  temperaturoB.      Each  flask  thon  ruceivcu  cquAl 
iiioci<la  of  the  luetic  streptococcus.      After  12  hours  incubation, 
the  relative  rate  of  growth  in  the  differ  nt  mo-nbors  of  the  series 
v/as  co:ii)ared.      i'iguros  v;er(j  obtained  v/hich  show  '..he  S'rae  genernl 
relations  as  those  obtained  b,v  yl&to  counts  mcde  at  the  same  tiiao 
upon  the  same  series. 

.ultures  of  greater  ago  t.ian  12  hours  oro^rz-bly  should  not  be 
t  sted.      It  is  p-liio  unknown  v.hether  this  method  would  disttntuisli 
smallur  dif  lerenoes  in  tho  rate  of  grov/th  in  series  v;hoa-  iierabers 
differed  by  small  increments.      ,.ith  the  wide  zones  tested,  the 
method  gnve  satisfactory  results. 

II.  Comparison  of  "general  growth  condition"  of 
different  eultures;.  ox  the  same  streptoooccus. 

This  set  of  conciitlons  does  not  reouire  as  etriet  definition 
as  the  former.      "lag"  ana  similar  phenom-na  involved  in  bacterial 
srowth  ond  acid  x)rod'iotion  do  not  limit  the  value  of  the  method  in 
this  instance.      In  fact,  they  are  of  actual  service  in  the  appiloa- 
tion  of  the  method  for  the  comparison  of  the  "general  growth 
condition"  of  a  series  of  cultures  ox  the  stime  fermentlnc  agent. 

i'he  "fteneral  growth  condition"  is  aosumed  to  represent  not 
only  the  number  of  via  Die  cells  but  also  their  relative  Vitality 
and  activity.  I'he  nuiaber  of  celie  a/ia  also  their  condition  is 
dependent  UT>on  tho  envlronmont  nnd  upon  the  period  to  which  they 
have  been  exposed  to  this  en  i.onment.  3oth  )f  these  relations 
are  involved  in  tho  speed  of  multiplication  and  of  aoid  produotion 
of  inocula  taken  from  a  series  of  differant  environments. 

Hen<  e.  under  thJ.s  set  of  oonditione.  the  method  oan  be  rpplied 
in  a  S:.arison  of  tho  relative  influence  of  ^^^f         f '^^^f,!?!?!! 
for  a  Glvon  period  of  timo.      It  niay  also  be  used  i^^.^f 
of  the  influence  of  6:<posure  to  a  given  envi.ojimont  for  different 
periods  of  ti  le. 

iioth  0^  those  rel-tionc  are  evident  in  the  experiment  in  vvhieh 
tho  second  set  of  conditions  has  been  maintained,  in  a  study  of 
the  relative  influence  cf  different  tc.,^;,erat..r. s  upon  erov;th 
pnd  ■oh.yiiologic  1  activity  of  different  types  of  «t^«P*o°°oo^' 
TMs'S^tiod  fhould  furnish  a  read,-  me-  ns  of  '^."^^'t^i'^^'J^ 
g  owth  condition"  or  vitality  of  difxerent  ouituros  t^®^*""® 
It^in.      Both  rate  of  acid  .reduction  :  nd  ^^^^P^f^f 
dependent  on  the  condition  of  the  inoculum    a,:e    ^^I'r^lf  teilnltion 
resistance  to  previous  environment),  which  is  in  fact  the  Jefinltion 
of  the  "general  growth  condition"  or  vitality. 


It  ia  probable  that  thir>  method  furulshes  t  more  direct 
evaluation  of  diflereno«8  In  bacterial  vitality  than  can  be 
furnished  by  tho  x>la^Q  method.      The  later  tiethod  merolj'-  presents 
an  ap  ro:  iniaticn  of  the  relati.ve  number  of  vlablo  cells  present 
which  ar.)  ultinetel,,  able  to  produce  a  colony  of  appreciable  sizo, 
while  the  above  dascribed  method  presents  an  npproxi  lation  of  the 
rslative  condition  of  the  cells. 

e.  Disadvantages  oi  th>j  method* 

The  method  at  best  is  crude.      It  can  servo  only  in  the 
oomperlBon  oi  tho  s.-^me  strain,  as  diiforcnces  exist  in  the  lermenting 
capacity  of  different  strains.      Hhe  Introduction  of  large  Inooula 
into  the  glucose  Andrado  broth  must  be  .ivolded,  in  oBfes  where 
Bignifloant  changes  in  the  reaction  of  tho  broth  would  be  eifooted 
in  that  way.      IThe  choice  of  Andrade  indicator  is  opon  to  serious 
questions.      Tho  change  in  color  of  this  indicator  is  not 
instcntaneous  by  any  means.      tOxact  determinations  of  a-ion 
concentration  cannot  be  made.      (It  ie  probable  that  more  accurate 
data  could  be  obtained  by  the  use  of  brom  cresol  purple  and  a 
definitely  standsrdizeJ  colorimetric  comparison.) 

f.  Advantages  ol  th'^  method. 

The  chief  advantege  oi  th<.  method  Is  its  convea ienee.  lese 
time,  labor  and  materials  aro  re< uired  tnrn  for  carefully  controlled 
plate  counte. 

Disadvantages  lollovyin^  the  choice  ci  Andradt:  indicator  have 
been  mentioned.  Howover.  it  has  the  following  advantages.  The 
prosenoe  of  this  Indicator  in  tho  glucose  broth  apparently  exerts 


no  harmful  in±lut;nce  upon  the  growth  of  streptococci,  a.  this 


indicator  is  coramonly  used  in  tests  of  earboh^iirate  formentation. 

The  fact  that  Andrade  indicator  changos  In  color  at  H-lon 

concentrations  not  far  removed  from  the  neutral  point  Is  also  a 

BOint  in  its  favor.      (Fennel  and  Pieher  reported  definite  magenta 

color  is  exhibited  by  Andiade  lndie-.tor  at  a  ph  of  6.6  to  6.8.) 

ihere  arc  tv/o  reasons  lor  the  use  of  an  indicator  .  hose  color 
ciionge  is  not  iar  reraoved  Irora  tnc  noutral  point.      (1)  At  hi^:;h 
H-lon  concentrations  the  products  of  growth  arc  imposing  thoir 
influoncu  upon  th^    curvoe  of  grorrth  and  of  ecid  production.  Hence, 
acid  production  is  a  function  of  the  initial  number  of  cells  only 
during  the  early  ptose  ox  tho  fermentation,       (2)  At  later  periods 
in  the  course  of  fermentation,  the  oiffe  ences  in  concentra lion  of 
acid  p'  ociuced  b^'  inociilp.  of  fi  lifer  nt  cizos  are  oouatr  ntly 
decreasing.      The  greatest  dilferenees  are  manifest  in  earlier  periodB 
of  the  fermentation.      (Ehis  reletlon  is  ovicont  in  Lho  roeults 
reportua  in  the  work  ftx"  roster  (o.  18E,  fig.  a.),  which  appeared 
several  months  pxter  tho  oompletion  of  thit;  invertig*Jtlon.  Th** 
relations  involvec   here  are  also  discu8;ied  in  detail  under 
"Theoretical  Profiress  of  Lactic  Acid  fermentation"  in  PJrt  I  of 
paper.      Curves  given  there  also  furnish  further  support  to  tho 
above  statements. ) 

She  method  is  not  presented  as  a  method,  but  merely  as  the 
mecns  by  which  results  reported  in  this  study  mere  obtained. 


the  following  text,  this  method  is  termed  the  "/Jidrtide  Test" 


IHViiSTia'vlPIOH, 


Sactlon  A. 


THii  HELATIVi;  IHiLiriiHCE  01-  EIlVIiiOlJiKHTAL  COHDITIOHS  UPOH 
THE  Lli'E  PROCESSES  OP  DliTEREHT  TYPISS  0^  STREPTOCOCCI, 
FOE  THE  PURPOSo  OF  STUDYIUG  THi::lR  PKPTOLYTIC  ACTIVITY. 

I.     Influonce  of  B-ion  Concentration  Upon  the  Peptolytlc 
Action  and  Other    Life  Processea  of  Different  Tyi^es 
of  Streptococci. 
The  influences  of  H-ion  concentration  upon  the  functioning 
of  micro-organieme  have  proven  fruitful  suojects  of  study. 
These  invcatigations  have  shown  that  the  true  aoxdity  of  the 
enviionment  conditions,  and.  in  many  oases,  determines,  the 
extent  and  direction  of  the  various  processes  involved  in 
microbial  metabolism. 

Iqfc  study  of  the  proteolytic  activity  of  different  types 
of  streptococci,  the  influonce  of  this  factor  assumes  particular 
moment.      The  sohere  of  action  of  their  proteolytic  uni'.ymos  is 
limited  to  certain  zones  of  H-ion  concentration;  again,  even 
v<ithin  the  zone  penaittlng  thoir  action,  the  degree  of  activity  is 
conditioned  by  smaller  incrementc  of  change  in  the  true  acidity  of 
the  system.      The  proteolytic  .nzymes  can  not  function  until  they 
are  first  elaborated  and  their  elaboration  is  dependent  upon  the 
saocessful  and  lu^riant  growth  of  the  cells.      Consequently,  the 
influence  which  H-ion  concentration  exerts  upon  all  of  the  life 
processes  of  streptococci  is  reflocted  in  a  les.  direct  but  still 
pertinent  manner,  upon  the  proteolytic  changes  induced  by  their 
enzymes.      All  of  those  relations  project  themselves  into  many 


processes  in  the  different  fields  in  which  streptooooci  are 
important* 


1.  Influence  of  H-ion  concentration 
upon  amino  nitrogen  increases. 

The  influence  of  the  H-ion  ooaoentration  upon  the  increases 
in  amino  nitrogen  effected  by  the  different  types  of  streptococci, 
was  studied  by  comparing  the  changes  brought  about  by  the  type 
strains  in  systems  of  different  pH  value.      Comparatively  v/ide 
zones  were  chosen  as  a  moans  of  determining  variations  in  the 
general  bohavior  of  streptococci  in  different  H-ion  concentrations. 
Changes  in  the  initial  reaction  of  even  highly  buffered  media 
occur  in  plain  broth  cultures  of  streptoooeci,  which  would  rander 
very  difficult  the  comparison  of  the  Influence  of  initial 
differenoee  of  analler  inoreiuonts  of  pH.    (Itano,  1916). 

pi'Ocodure:     (j^xpeximcnt  1.) 

Preparation  of  medium:    Infusion  broLh  prepared  as  follows 
was  used  as  the  medium  in  this  oxporimont: 

wor  each  desired  liter  of  medium,  500  g.  chopped  lean  meat 
was  added  to 'l, 000  cc.  of  dictilled  water.      Alter  the  ■'ii>^ture 
had  been  infused  12  hours  in  tho  ice-oox.  it  was  strained  thju 
cheeso  cloth.      The  infusion  was  heated  one  naif  hour  at  lOU  t. 
anu  then  filterea.      The  volume  v;as  corrected  and  the  infusion 
autticlaved  in  flaslcs.      One  per  cnt  of  Difco  P^f  on.  ^^d  0.5 
uer  cent  HaCl  v.as  added  to  the  meat  iniusion.      After  ingrco rents 
weie  in  solution,  the  broth  was  autoclaved  for  b  minutes  at  lb  lb. 
p?e8su?e  and  then  filtered.      The  filtered  broth  was  then 
sterilized  in  600  ce.  quantities,  at  116  C. 

The  broth  wat  adjusted  to  the  det-ireu  pH  zones  as  follows: 
sample  flask  of  the  Linad justed  b.oth  was  titrated  • 
to  the  desired  pH  valuer  by  use  oi  uhe  standard  solutions  and 
indicators  described  b^  Clark  anu  Lub.  (1917)  for  the  respective 
pH  ranges. 

The  calculated  amount  of  1.0  n  HCl  or  1.0  n  liaOH  •  ^^^aed 
to  the  respective  flasks  of  broth.  Amounts  ad^od  are  giv.n  in 
Table  I.      i'i.a!iks  v.ort;  then  shakcsii  ana  incubatod  at  aVo  C.  for 


several  hours. 


The  broth  was  thoa  distributed  iuto  flasks  in  100  cc  portions, 
with  aseptic  orecautlons.      Those  tes  t  Ilasks  v-cre  incubated  at 
;370  C.  to  insure  sterility  and  to  stabilize  the  medium.  ivfter 
48  hours  incubatioa,   the  H-ion  concentration  of  the  medium  wab 
determined  electromotrioally  thru  the  kindness  of  Dr.  A.  Itano. 


Table  I. 

preparation  of  Broth  of  a  Series  of  pH  Zones. 

Infusion  broth,  unadjusted,  was  autoolaved. 

i'ollov/lnt,  amounts  of  alkali  ana  acid 

wore  added  with  aseptic  precautions. 

pH  determined  after  2  days  incubation 

at         C.  pH  values  represent  the 

H-ion  concentration  at  time  of  inoculation. 

Desired  Amount  added  per  100  oo.  Actual  pH. 

pH  2.one  of  unadjusted  broth. 

1.0  n  HCl         1.0  n  HaOH 

.  f-  1  40  — —  4.45 

^  ■  n  fkn  ----  D.4U 


li  t^.       -Col  .:?o 

7.5   

8.5   


i 


1,70 

S.12  8.63 


( iixperimont  1.  ) 

One  flask  of  medium  at  each  pH  value  was  inoculated  with 
O  1  cc    of  an  18-hour  .roth  culture  of^the  representative  sti-ain. 
-Aa  cult^et  v/ere  then  incubated  at  37°  C.      Samples  wore  removed 
af  the  Sorv^ls  sSSd  and  determinations  made  of  the  amxno  nxtrogen^ 

The  results  are  given  in  Table  II. 

The  significance  of  these  results  v;ill  be  discussed  in  the 
general  review  of  the  experiments  upon  the  influence  of  H-ion 
concentration  upon  the  life  processes  of  different  types  of 
streptocooci. 


Xaflmeae*  of  B»Ioii  Ceneentr&tioa  upcm  Aalne  Bltreg«a  XBsr«a£««« 


Broth  of  difteront  pH  valac  rocelv«d  ineeola  of  0.1  eo« 
of  aa  18-ltoar  broth  coltnro  of  oach  tyv*  etr&in*  xiseulte 
of  l%->ll  d«t97min&tio&t3  ara  axpreseed  b«lo«  in  Bg./lOO  oe* 


pB  Zoa». 


in  HHS-S* 


lAotie 


5*6 


£4  hr. 

54.3 
64.0 
5S.7 


168  hr. 
6£>.7 


Control* 

61.  9 
61.2 


Hai^n  5.6  63»6  63»6 

6.&  fiSvO  7.^ 

7.&  69*6  60.8  61.9  B.'J 

8.6  6£*0  61.8  &1.S  0.6 


BoTin*         M  »».0  W.»  f3.*  2.^ 

63,f  66.6  6£.2  ^.3 


7.6  ea.a  66.9  £>l.i»  4»0 

8.6  61.3  61.6  61.  R  0.3 


6.6 
6.6 
7.6 
8.6 


64.8 
67.0 
66.6 
61.1 


6««8 

^7 
60.S 

&-.1 


6o.6 
6£.2 
61.9 
61.  E 


3.6 
9.6 
8.3 
0.6 


*Aetaal  Initial  ]^  valMS  ot  th*  MTlM  oi»  gi»«»  i« 

Sable  I. 


2,  Influence  of  H-ion  concentration  upon  tii«  growth  and 


viebiHty  of  different  typos  of  streptococci. 

In  Buch  tests  as  those  just  reported,  the  influence  of 
different  initial  pH  zones  upon  "proteolytic"  action  is  to  a  large 
cirbent  a  reflection  of  the  effect  of  initial  reaction  upon  growth. 
The  follovfing  experiments  wore  conducted  to  show  in  a  more 
specific  manner,  the  influence  of  different  initial  H-ion 
concentrations  upon  the  growth  and  vitality  of  the  different 
streptococci. 

Procedure : 

(iixperiraent  2).      Acid  Tolerance. 

In  the  preceding  oxperiment,  thu  culturus  at  pH  4.5  had 
shown  no  growth  cither  by  iurbiuit;/  or  by  increases  in  KHg-H. 
In  this  experiment  the  tout  of  th.  influence  of  this  reaction 
zone  was;  limited  to  test  of  the  vitality  of  the  different  t^pos 
after  varying  periods  of  ej:posuro  to  this  zone  of  H-ion 
concentration.      Plates  were  poureu  at  state-,   intervals  to 
crive  some  idea  of  the  appror-iinate  rate  ol  death  of  the  different 
types.      Ko  attem-ot  v/as  made  to  follow  the  course  of  the  killing 
reaction.      This  series  received  inocula  of  1.0  cc.  of  18-hour 
broth  cultures. 

Plate  counts  were  mad©  of  the  cultures  from  which  those 
inocula  were  taken.      The  data  obtained  indicated  that  the 
follovvint  number  of  cells  reprosents  the  initial  concontration 
of  bacteria  per  cc.  of  the  tetit  broth. 

lactic  400,000 

Human  60,000 

Bovine  120,000 

Ghoese  600,000 

*The  variation  in  the  number  of  cells  reprosentea  in  th.;  above 
figures  is  more  ap:  arent  than  real.      It  is  probable  that  the 
actual  Initial  concentrtition  of  the  cells  of  the  different 
streptococci  is  much  more  uniform  than  would  apoer r  from  the 
above  jfitrures.      These  differences  in  numbers  as  determined  by 
plate  counts  are  due  to  recognisied  and  inherent  errors  in  counts 
made  by  the  plate  method.      The  divergence  in  numbers  is  exactly 
what  would  be  o.eected  from  the  difference  in  length  of  chains 
retn-esented  by  the  different  typo  strains.      The  much  lower  values 
always  obtained  in  plate  countt^  of  lont-chained  streptococci  (such 
as  the  above  human  and  bovine  strains)  is  a  coiumon  iaooratory 
observation.      Ac  the  number  of  cells  is  comparea  only  with  numbers 
of  cells  of  the  same  strain,   this  apparent  discrepancy  in  the 
initial  concentration  of  thi;  different  Btr.ptococoi  does  not 
vitiate  to  an^  extent  the  value  of  the  results  given  in  Tables 

IV  and  V. 


As  a  more  ready  morns  of  comparison  o±  the  roaistance  of  the 
different  types  to  high  H-ion  concentrations,  tho  counts  made  m 
the  teste  havo  all  been  rcuuced  to  a  common  basis  of  an  equal 
initial  concentration  of  100,000  c.lls,  per  cc.      She  results 
proEented  in  i'able  IV  are  expressed  upon  this  basis, 

(^ixperiment      )      i^te  of  growth  and  longevity. 

In  the  other  pH  zones,  plates  were  jjoured  t't  the  ..nterTOis 
shown  in  Table  V.  iu  an  attempt  to  present  comparative  figures 
JepresoSting  thu'relative  rate  of  gro.;th  of  th.  different  typos 
when  introduced  into  systems  oi  different  pH  values.  The 
Ie8?8  made  at  the  later  periods  furnish  ^^ome  idea  oi  the  relative 
longevity  of  these  types.      Cultures  in  this  serios  were  inoculated 
with  0.1  cc.  of  18-hour  broth  cultures. 

Dnanlts  are  civen  in  Table  V. 

So  coS?s  «ere  made  of  the  cultur  s  from  which  inocula  were 
taken,  at  the  time  of  iaocalation  of  this  series.      numbers  so 
obtained  were  divideu  by  the  number  of  oc.  of  the  test  culture. 
She  resuUil  expressed  in  the  table  as  "Probable  initial  number 
of  cells  present".* 

SSdia  Sled -for  the  tosts:    Broth  of  a  seriee  of  pH  values  were 
«re«ared  as  described  in  the  preceding  experiment,  except  that  the 
?J!Setrfc  meSod  ^vas  used  in  dote iinining  the  H-ion  concentration, 
5^3  broth  v;as  distributed  into  flanks  in  50         f  ^ 

^edia  used  in  determining;  the  number  ox  cells:    1-0  P"  cent 
glucose  infusion  agar.  pH  7.4.  was  "i^ed  in  making  th..  counts. 
TThis  medium  c;upportod  the  gro.vth  of  all  strains.)     J^^^^^  P?J-^ 
series    tests  for  vitality  were  also  mado  ^y  introducing  0.1  and 
1  0  cc.  of  the  inoculated  broth  in.o  10  and  50  cc.  ol  el^^oBe 
iAfust^n  broth.  pH  7.6.  containing  0.2  per  cent  sodium  phosphate. 

Table  IV. 

Relative  Acid  Tolerance  of  Different  Types  of  btreptococci. 

CompariBon  of  the  viability  of  different  8*'®^*°- 
cocci  in  pH  4.5  broth.      Number  of  cell^i  viaole  per 
100,000  oi  initial  cojicentrf  tion,  alter  the  st^tett 
intervals  of  exposure  to  pH  4.5  at  37  C« 

Human.      Bovine.        Lactic.  Cheese. 


iixposure . 
(hrs. ) 

5               100            9.000  48,000  90,000 

lO-L              ---            1  200  10.000  120,000 

^^12                                                              800  66.000 

^      80.000 

ill     ^0,000 

-  inal  H-ion  concenti-ation 
in  glucose  broth  cultures  of 

fie  same  strains.                                      ,               .  o  a  l 
pH              5.0               4.4  4.2 

*Thc  statements  made  iii  footnote  on  preceding  page  will  explain 

the  apparent  divergences  in  number  of  colls  used  as  laocula. 


a.  Relative  aoid  toloi-anoe  of  the  different  types: 
The  resultii  given  in  Table  IV  t  how  the  rolativo  rcaiBtanoe 
to  high  H-ion  conoentrationB  exhibited  by  the  different  types  of 
strdptocoooi.      The  order  of  resx! tanoe  of  the  difierant  types 
to  high  acidities  is  as  lollov.c:    cheese,  lactic,  bovir.e  and  hmnan. 
The  actual  xtxte  of  death,  of  course  would  bo  lese  at  lower 
temperatures  than  at  37°  C,  but  it  La  doubtful  if  this  would 
displace  the  above  relations  between  the  difi'er..nt  types. 

As  the  pH  value  of  the  medium  used  in  this  ezpsrimeut  closely 
approaches  the  acidity  of  sour  milk,  tha  above  order  of  acid 
resistance  of  the  different  streptococci  possesiee  obvious 
signlfloaace.      In  such  a  modium,  one  would  e:'peot  the  human 
streptococcus  to  die  rapidly.      The  lactic  and  cheese  strainB 
would  persist  longer  than  the  bovine  or  mastitis  types.  The 
cheesti  ctrain  ib  much  uore  rosistant  than  the  lactics  and  nould 
not  decrear.e  in  numbers  no  rapidly  in  auur  milb:,  acid  cheeeus 
and  similar  scid  systems. 


*Whilc  it  ic  true  that  "plate  coiuats"  se  mo.   to  i;how  a 
^^roat  iiivortence  in  initial  concentration  of  colls,  it  must  be 
remumbered  that  thes^'  large  differoncoa  are  due  to  tho  plate  mothod 
itself, which  emumorates  slumps  and  groups  as  single  organisms. 
It  happens  that  these  diffei'ences  aro  altio  in  the  eamo  ordor  as  the 
relative  acid  tolerance.      One  must  admit  tho  possibility  of 
influonce  of  tho  size  of  the  inoculum  and  the  initial  concoiitrution 
of  the  cells  upon  the  r^te  of  dei  th  of  cells,  but  it  is  obvious 
that  sliijht  differences  in  initial  c  ncentration  oan  not  produce 
such  wi.  e  divergences  In  timo  required  for  the  end-point  of  the 
Jrilling  reaction,  as  are  represonte.   in  Table  IV. 


These  general  relations  to  high  aoidity  are  more  or  lea^. 
in  order  with  tho  final  H-ion  ooncentrationc  reached  in  glucose 
broth  cultures  of  tho  different  typos.      i^rom  the  iinal  pH 
attained  by  th.  human  strain,  its  rapid  rate  of  death  in  broth  of 
hitHer  H-ion  concent rations  is  to  be  expected.      However,  the 
epocific  effect  of  tho  H-ion  is  not  so  readily  interpreted  as  to 
permit  the  assumption  of  parallel  relations  between  the  final 
"fermentation  limit",  and  the  tolerance  of  the  organism  to  high 
acidities  v/hen  introduced  as  inocula  from  cultures  which  have 
been  growine  in  the  optimum  pH  zone.      In  experiments  v.ith  the 
pneumocoocus.  Avery  and  Cullen  (1919  b)  have  demonstrated  this 
in  a  conclusive  manner.       (These  relations  are  discussed  in  detail 
in  l.>art  I  of  this  paper,  under  "Influence  of  H-ion  Concentration 
u,  on  the  Lactic  Acid  Bacteria",  and  "End  Point  of  Lactic  Acid 
i-ermentation".)      This  is  evident  in  a  comparison  of  tho  final 
H-ion  concentrations  of  the  bovine,  cheese,  and  lactic  strains. 

That  no  ,>arallel  relation  exi-ts  between  the  final  "fomenta- 
tion limit"  in  ,  lucose  broth  and  tne  absolute  tolerance  of  the 
organism  to  high  acidities,  is  especially  obvious  in  the  case  of 
the  Cheese  and  lactic  strains.      The  cheese  strain  has  a  "fermenta- 
tion limit"  of  pH  4.1  as  compared  to  pH  4.E  exhibited  by  tho  lactic 
stxain.      in  spite  of  the  slight  difference  in  this  character, 
there  is  a  striking  difference  in  the  actual  resistance  of  these 
two  strains  in  broth  of  pH  4.5  value.      (   It  is  .hov.n  in  Table  IV 
that  tho  Cheese  strain  v.-as  not  greatly  reduced  in  numbers  in  the 
pH  4.5  broth  at  the  end  of  the  time  required  for  complete  disinfec- 
tion of  the  lactie.  under  the  conditions  of  this  experiment.) 


The  general  relations  in  the  acid  toloranoo  of  these  types 
of  streptococci  dre  all  that  may  bo  interpreted  from  the  atoove 
experiment-  and  th*se,  to  a  certain  extent,  only  for  the  conditi 
obtaining  in  this  particular  oxperimont.  Similar  £9neral 
phyeiological  relatione  between  tho  H-ion  and  streptococci,  whi 
are  suggeated  by  the  above  results,  are  also  encountered  in  the 
results  obtained  in  the  other  pH  zones  reported,  in  Table  V. 


Table  T, 


Influence  of  H-lon  Concentration  upon  th«  B«latlye  Bate  of 

Growth  and  Longevity  of  Different  Types  of  Streptoeoool. 

Broth  of  a  series  of  different  pH  values  received 
equal  inooula  of  the  different  strains*  Figures 
in  table  oelow  represent  the  number  of  oells 
present  aftef  stated  periods  of  incubation  at  37®  C* 


Time 

(hrSf)  pH  5.5  p  H  6.6  pH  7.5  pH  8.5 

Laotio      (probablB  initial  number  of  cells  present £50,000. ) 


.1 

72 
120 

168' 


900,000 
£0,000,000 
60,000,000 
3,400,000 
18,000 
4,000 


4,000,000 
80,000,000 
95,000,000 
7,400,000 
16,000 
8,400 


3, £00, 000 
65,000,000 
60, 0<  0,000 
6,000,000 
12,000 
9,000 


360,000 
900,000 
200,000 
360, 000 
11,000 
2,000 


(probable  initial  number  of  cells  present s<»90, 000 « ) 


6  60,000  760,000       1,200,000  190,000 


10  600  1,400,000  3,200,000  260,000 

16  20  1,900,000  1,500,000  140,000 

24                     i-   1,700,000  2,000,000  100,000 

48  ......  800,000  1,400,000  12,600 

72   200,000  600,000  —  i 

120  — —  1,600  2,000  700 

168  ......  800  760  320 


(Probable  initial  nombor  of  oells  present :.olOO, 000. )* 

6                   200.000              900.000        1,600,000  150,000 

10                   600,000           2,000,000        2,600,000  180,000 

2A                5,200,000           5,400,000       9,600,000  100,000 

48                 3,000,000           2,300,000        4,000,000  160,000 

120                 —  -#               18,000             12,000  1,000 

Igg                .  -4              10,000            16,000  300 

(Probable  initial  number  of  cells  present :. •600, 000 • 


6 

2,800,000 

7,000,000 

5,600,000 

1,200,000 

10 

36,500,000 

280,000,000 

200,000,000 

20,000,000 

£4 

400,000,000 

660,000,000 

600,000,000 

15,000,000 

TS 

600,000,000 

280,000,000 

360,000,000 

9,500,000 

ito 

38,000,000 

150,000,000 

110,000,-00 

6,300,000 

198 

1,800, OuO 

95,000,000 

73,000,000 

3,000,000 

Plates  contaminated,  but  &txoptocoocu8  c  lonioB  present} 
glucose  broth  tests,  positive. 

F.ecall  footnotes,  pp. 


b.  Influence  oi'  H-ion  concentration  upon  the 
rate  of  growth  and  longevitif  of  different 
types  of  streptocoooi. 

The  results  given  in  Table  V  show  the  following  general 

relations* 

iSone  showing  maxi.  :nm  growth ;    The  lactic  strain  exhibits  its 
maximum  rate  of  growth  in  media  of  a  reaction  represonting  a 
zone  between  pH  6,0  and  pH  7,0.      The  maximum  growth  of  a  lactic 
strain  in  a  similar  zono  has  been  reported  by  Itano  from  observa- 
tions of  turbidity,  and  more  recently  by  Svan^erg.      The  cheese 
strain  also  exhibits  its  maximDm  growth  in  this  zone.      The  fact 
that  this  zone  of  most  rapid  growth  fo,   the  lactic  streptocoocus 
approaches  the  pH  value  of  milk  hau  been  pointed  out  by  Itano. 
The  human  and  bovine  strains  grow  most  rapidly  in  the  ^ono  between 
pH  7.0  and  8.0. 

comparative  growth  in  limiting  zones:    In  the  i;one  representing 

pH  values  8.0  to  'J.O,  the  cheese  ttrain  is  the  only  type  v/hich 

increasea  in  numbers  to  a  significant  degree.      oince  this  strain 

also  exhibited  the  greatest  acid  tolerance  in  the  experiment 

reported  in  Table  IV,  it  is  evident  that  this  type  posfesKes 

considerable  resistance  over  a  wide  range  of  pH.     Again,  in  the 

zone  representing  pH  values  5.0  to  6.0,  the  cheese  strain  grows 

more  rapidly  than  any  of  tho  other  type  strains. 

The  general  signifloanco  of  those  relations  and  their 
ooiyparison  with  the  amino  nitrog  en  increases  in  a  sir.ilar  series 
of  pH  values,  will  be  given  in  the  general  dlsouscioi.  of  the 
influence  of  H-ion  concentration  upon  the  different  streptococci. 

.,e  wish  to  take  this  oooaaion,  however,  to  point  out  the 

behavio*  of  the  human  strain  in  broth  of  aporoxinately  pH  b.5. 

This  streptooooous  reaches  a  H-ion  uonoontiatlon  of  pH  5.0  au  its 


"fermentation  limit".      However,  when  inocula  taken  from  cultures 

growing  near  tho  neutral  point  are  introduceo  into  plain  broth 

of  lower  true  acidity,  they  not  only  arc  not  able  to  initiate 

growth,  but  rapidly  decrease  in  numbers.      The  aamo  relation  ie 

also  shown  by  the  bovine  and  lactic  strains  in  the  pH  4.5  test 

reported  in  Table  IV.      Hence,  acidities  less  than  their  final 

"fermentation  limit"  appear  to  b.  not  tolerable  for  the  initiation 

of  trowth  and,  in  fact,  to  lead  to  tho  death  of  the  cells. 

lio  extended  discussion  of  these  relations  Ib  warranted  frog 
our  results.      The  distinction  between  tho  actual  "fermentation 
limit"  and  the  H-ion    concentrations  serving  for  tho  initiation 
of    rowth  of  the  pneujnococcus  v;  s  shown  by  Aveij-  and  uullen. 
The^same  distinction  apparently  oxists  in  the  case  of  L^troptococci. 
(Thu  relation  and  distinction  between  the  "iennent;  tion  li 
and  tho  "li.aiting  H-ion  concentration  for  initiation  ox  gro^vth 
have  been  discussed  in  detail  in  Part  I  of  this  pauer. } 

Relative  lonKOVity  in  different  H-ion  concentrations  within 
the  ranKo  of  growth;    The  relation  of  H-ion  concentration  to  the 
longevity  of  these  ctrains  cannot  be  interpreted  directly  from  the 
above  data.      The  rate  of  death  in  old  cultures  of  any  H-ion 
concentration  probably  follows  a  more  or  less  orderly  course, 
consequently,  tho  number  of  viable  cells  present  at  the  ti;..e  of 
any  of  the  later  analyses  i^:  dependent  upon  the  number  present  in 
the  period  of  maximum  growth,  as  well  as  upon  the  H-ion  concentra- 
tion  of  the  system.      Moreover,  in  the  above  pH  zones,  in  ^vhioh 
growth  has  taken  place  at  a  variable  and  unequal  rate,  the 
concentration  of  metabolic  products  (upon  which  .he  rate  of  death 
is  also  dependent)  pribably  is  significantly  different.  Hence, 
there  are  too  many  factors  involved  in  the  determination  of  the 
numbers  viaole  after  long  exposur    to  the  different  pH  zones  of 
growth,  to  permit  the  astigau^nt  of  any  specific  effect  to  the 
hydrotzon  ion. 


3«  niMwrri-  and  ulaeuseloa  of  the  Infltt  noe  of 
H-ion  oonoentrf  tion  upon  the  life  prooea  ee 
of  tho  different  type  otioins. 
a.  Influonoo  upon  r.raints  uitrOfcOn  IxicreaBOS, 
Tho  lactic  Btrsii.  C:  .Lite  po;  ton-  raoat  actiTulj,  in  broth 
between  pH  6.0  rnd  7.0.      The  oheoee  utrain  .eoaa  to  require  the 
same  optimum  sone  for  its  raoBt  sucoossful  oeptone  attack,  but  It. 
actiTlt^  la  inhibited  to  a  auoh  leae  e>tcnt  then  In  the  caae  of  the 
lactic  strain.      'Jlh.^  boTlne  and  hwaan  etraina  prefer  a  s«a« 
7.0  to  tt.O  for  ^eptolitla  aativiti. 

The  increaaea  In  amino  nltrog  n  evidenced  in  ayate-a  of 
different  pH  value  are  dependent  upon  eevoial  fBctora  and  the 
eonwintretion  of  H-ion  «a,  exert  a  qaantltativdi  different 
influenae  upon  oaeh  of  theae  faotora.      Tho  Inlluenoe  of 
pa  upon  the  growth  of  cells  ie  one  dot.mlnant  oi  the  ccnaentration 
of  the  onayae,  and  it>  thus  involved  in  thu  dete,»lnatl  n  of  tlw 
.^.te  of  a«ino  production.      Hoacw.  tho  final  Increaac  In  amine 
nitrogen  in  aj^atema  of  diiforont  pH  value  iu  more  often  a 
reflection  of  a  number  of  slaultaaooua  influoncoa  of  the  H-lon 
upon  6  nunber  of  other  faotora. 

Ohio,  ™'"^„iK,r:nrL"eS2''oi  iirSiSLraa* 

relations  in  alntt.  th.   aB^^ife^^"*  ^ft^f  n  iiereae.a  eaw  not  be 
m  the  deteminatlon  ox  ^^th  11!^  .olution. 

as. reached  without  eu  r-eponuin,  t«ete  wiva  mu^f 
o >tain«d  from  the  etraina  involvoa. 


practical  sign liic^noo :     Tho  practical  significance  o±  the 
above  r.sultB  orobabl^  con.istB  in  tho  iollowing  relations, 
in  systems  of  pH  value  appro:  i ma t.ly  5.5.  tho  conetituontB  of 
"poptone"  are  brolcen  dov,n  ..ore  actively        the  h  moli^tio  cheese 
strain  than  by  an,  of  the  other  t,.e  strains.      Thi.  suggests  that 
members  of  this  group  r:.a,  play  a  sifenifioant  part  in  chnnges  in 
the  dletriuution  of  nltrogon  in  add  chceaee  and  in  other  dairy 
products,  the  H-ion  concentration  of  which  would  inhibit  tho 
activity  of  true  lactics  to  a  greater  extent. 

b.  Influence  upon  giov.th. 
Optimum  £H  eones  for  growth;    V.lth  th.  large  pH  incromeats 
tested  m  the  above  experiments,  there  v;as  apparent  agreement 
between  the  optimum  zones  for  the  splitting  of  pepton.  and  for 

growth  of  cells. 

Limiting  initial  H:ion  ■•■onc.ntrations:    Each  of  the  type 
.trains  proveu  unable  to  Initiate  grov-th  in  systems  of  lower 
true  acidity  than  the  final  acidity  reached  in  the  glucose 
broth  cultures  of  the  same  strain.      Comparatively  rapid  death 
of  th.  streptococci  occured  in  the  .one  which  apparently  lies 
between  the  u: ual  "fermentation  limit"  and  the  "limiting  H-ion 
concentration  for  initiation  of  growth". 

Acid  Tolera.ce;     When  Introduced  into  oroth  .H  4.5  at  :.7°  C 
the  type  .trains  exhibit  the  follclng  order  of  acid  tolerance: 
Cheese,  lactic,  bovine,  an.   human.      .Itho  thi.  1.  the  same 
order  .s  in  the  case  of  thoir  final  H-ion  concentration  In  glucoe 
broth,   it  i.  evid.nt  tha.  the  .o-called  ccid  tolernnce  .hows  a 


much  greater  diverfcenoe  than  ^ould  oe  expected  I'rom  a  comparison 
of  the  final  pH  reached  in  cultures  of  th    same  strain.  :;uch 
a  relation  indicates  that  the  final  H-ion  concentration  or 
"fermentation  limits"  are  not  duo  merely  to  an  intrinsic 
resistance  tu  the  .acterlcidal  actio.,  of  the  H-ion. 

Practical  ^ignif  ioance :    The  practical  signif  ic^^noe  of 
these  result,  lies  in  their  projections  to  th    illumination  of 
the  rftle  of  H-ion  concentration  in  the  determination  of  the 
rnomont  of  those  different  types  of  streptococci  in  th.  microbial 
halanoe  in  milk  and  milk  products.      Tho.e  relations  are  important. 
An  intelligent  interpretation  of  the  eignifioance  of  the  presence 
of  different  typeu  of  hemolytic  streptocooci  in  cheese  and  other 
dairy  products,  requires  some  knowledge  of  the  resistance  of 
these  microSrganiums  and  of  their  aoility  r,o  grow  in  the  aoiditles 
presented  in  acid  milk  products 

Given  a  .ampl  •  of  fresh  milk  in  which  Ml  four  of  these  t.pes 
of  streptococci  were  pros.nt.  th   more  rapid  r.  te  of  growth  of  the 
lactic  and  cheese  types  in  ..stems  of  H-ion  concentrations  between 
pH  6.0  and  7.0.  v«,ul4  explain  the  fact  that  the,  rapidly  outgrow 
the  human  and  bovine  streptococci.*      The  greater  sensitivity  of 
the  human  rnd  mastitis  strains  to  high  acidities  would  tend  to 

their  disappearance  in  sour  milk,  butter  and  certain  cheeses. 


C^  use 


•.0  intimation  is  mad.  that  JJ^^, j^^^^lJ J^"^iL''!u?"orSavo 
are  the  same  in  milk  as  in  P^^J^  ''^f^^;  concentrations  permitting 
fcihown  a  decidoo  dilierence  in  the  H-^-^"       ;  ,     t^usar-free  and  In 
^Snmtiatlon  Of  growth  of         P-^^l  ff  ?h    roif^Ive  rate  of 

i^.i.'ifr.i  .iS:r:s?^;jes^r£f^£ent  P---  --^be 


bo  ignored. 


Tho  above  sug^-estions  are  in  keeping  with  common  observations, 
Gueh  88  those  recently  reported  by  Jones  on  tho  decrease  in  relative 
numbers  of  hemolytic  uducr  streptococci  in  milk  upon  incubiition. 
Thoy  aie  also  in  eccord  v.ith  the  usual  assumption  that  the  hemolytic 
mastitis  or  udder  streptooocoi  are  comparatively  or  relatively 
frequent  in  certifieo  milk  or  in  fresh  market  milk,  Dut  are 
outgrown  by  the  common  lactic  in  market  milk  at  later  periods  of 
its  handling  and  in  fermented  milk  .iroducts. 

The  r^stanoe  of  the  cheese  str-  in  to  high  acidities  would 
a:xplain  its  appearance  in  significant  numbers  in  milk  products 
ol  high  acidity,  oven  though  it  were  originally  present  in 
relatively  amal  numbers. 

II.  Influence  ol  tho  otage  of  Growth  of  the  Culture 
upon  the  Increases  in  Amino  and  Ammonia  Hitrogen. 

1.  Experimental 

The  results  in  the  preceding  experioont  suggested  that  a 
significant  part  of  the  Increase  in  amino  nitrogen  occurred 
alter  the  cesaation  of  grov/th  of  the  cultures.      The  present 
experiment  attempts  to  compare  the  increases  in  amino  nitrogen 
and  ammonia  nitrogen  at  different  periods  of  the  life  history  of 
cultures  of  streptococci. 

f r ocedure :     ( Ezper  imont  4 . ) 

Infusion  biOth,  containing  0.2  per  cent  sodium  phosphate  v?as 
prepared  in  two  lots  of  pH  values  6.6  and  7.4.      100  cc.  of  tho 
pH  6.6  broth  was  inoculated  with  the  lactic  strain;     tbe  same 
quai'tity  of  the  pH  7.*  broth,  with  tho  human  strain.  These 
were  in'cubatou  at  .-j7°  C.      samples  wore  i-emove    at  the  end  of 
1,  3,  b,  and  10  days.       Plate  counts  and  NH£-H  determinations 
wore  mado  at  each  ol  these  intervale.      UH^-S  determinations 
v/ere  made  from  thw  '6  anu  10  day  samples. 

rieeults  are  given  in  Table  VI. 


lactic 


1  auman 


Table  VI.  a. 
Influence  of  Stage  of  Growth  upon  increases 
in  Amino  and  in  Ammonia  Nitrogen. 


Ilactic 

Kumaja 


Time 

MHg-H 

Growth  Stage 

days 

mg.-in 

100  cc. 

mg.- 

in  100  cc. 

Thousand  cells  in 
1  CO.  of  culture. 

Total 

Increase 

Total 

Increase 

0 

55. 1 

9.8 

1 

57.0 

1.9 

140,000. 

3 

58.5 

3.4 

16.5 

6.7 

80,000. 

5 

58.8 

3.7 

80. 

59  .5 

4.4 

16.7 

6.9 

4. 

0 

53.2 

9.8 

1 

56.2 

3.0 

6 , 000 . 00 

58.6 

5.4 

16.3 

6.5 

2,000.00 

5 

60.4 

7.2 

8.00 

10 

62.0 

8.8 

17.1 

Table 

7.3 

VI. b. 

.85 

Comparison  of  Increases  in  Amino  and  Ammonia  Mtrogen  During 

Early  and  later 

teriods 

of  History  of 

the  Culture. 

Amino  Mtrogen  Increases 

Ammonia  Nitrogen  Increases 

First  3  days 

3rd  to  lOth  day 

First  5  days 

3rd  to  10th  day 

3.4 

1.0 

6.7 

0.2 

5.4 

3.4 

6.5 

0.8 

It  1^  evident  in  .able  Via  that  the  cultures  continue  the 
formation  of  amino  compounds  coneiderably  beyond  the  period  of 
growth.      In  Table  VIb  it  U~  shown  that  the  inci eases  in  the 
amino  nitrogen  after  the  third  day  in  the  history  of  the  culture 
reproeent  a  signifioant  part  o.  the  total  inoroaEe.      During  the 
same  period,  a  much  smaller  proportion  of  the  total  increase  In 
ammonia  is  form.d  than  in  the  cace  ol  the  amino  nitro£:en.  This 
is  al^o  shown  in  figure  1.     A  general  discus,  ion  of  the  possiule 
moaning  of  those  relations  will  be  given  below. 

2.  General  discuss  ion  of  the  relation  of  grovth  stage  of 
cultures  to  increases  in  amino  and  ammonia  nitrofcon. 
a.  Hature  of  nitrogen  distribution  in  poptonfc  broths. 
As  is  well  knovm,  commercial  peptone  ocntains  a  greater  variety 
of  peptone  deriviatives  than  raifeht  be  inferred  from  the  use  of  th« 
terra  "peptone".      A  certain  amount  of  the  total  nitrogen  is  found 
in  the  form  of  compounds  whioh  are  precipitated  by  the  usual  p.otein 
precipltants.      This  precipitate.^  portion  would  b.  tormea  "protein 
nitrogen".      In  the  sam.  sample  of  peptone,  the  proportion  of  the 
total  nitrogen  to  oo  tenned  "protein  nitrogen"  will  vai-y  with  the 
precipitant  useu.{A.  Hlller)*.      When  precipitation  is  effected  by 
colloidal  iron,  the  "protein  nitrogen"  would  consist  of  proteins  and 
certain  protein  deriviatives  of  only  slightly  less  comple:.ity 
(  van  ;  lyke.  Vinograd-Villchur.  and  Los^see).      The  iilti^te  would 
contain  the  nitrogenous  constituent,  of  lov.er  comple  ity.  and 
would  be  termed "non-protein  nitrogen".      This  fraction  would  then 
be  separated  into  "peptide",  amino,  and  ^anmonia  nitrogen.  The 


•1 
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peptide  nitrogen  woula  consist  of  that  portion  of  the  non-protein 
nitrogen  which  can  be  hydroly.ed  to  amino  compounus.      The  amino 
nitrogen  and  auunonia  nitrogen  ..oulu  coasist  of  the  portion:,  of  the 
non-.rotein  fraction  .hich  can  oo  determinod  as  amino  and  ammonia 
compounds  respectively.  ^ 

I.  beef  infusion  pept.ne  broth  ) . ^ J Jf^J^  ?he 
study)  a  furthor  contribution  J"         f       ,?'^?J|o?en  if  In  the  form 
infukon  itBolf.      A  l-^e  ^ J*  f^oth  aSys  couSfns  a  l^^gor  amount 
of  amino  compounds.      ( mission  oxuuu  ^  ^ 
of  amino  nitrogen  than  does  o.  tract  broth.) 

,h.  actual  distribution  ^-gLSlf^trto  wSi^^tT 

will,  of  course,  vary  with  °f^Se        (It  i.  a  comiuon 

piiduct  has  be-n  .u.jected  f         'HiodScts  cont  -in  a  larger 
Observation  txiat  the  "^^1  ^^i^.f  Jj^^J^J^es  tSe^ittc  product, 
proportion  of  simple  'constituent.  ^.^^^^         ^  the  iurtheet 

Mfoo  peptone  used  in  this  atudy^        peihaps  on 
hydrolyzcd  of  the  American  products.) 

b.  Leaning  of  amino  nitrogen  and  ammonia  nitrogen 
incroales  in  bacterial  cultures, 
.rom  th.  a.ove  paragraphs  it  is  se.n  that  preforn«u  amino  and 
ar^onia  nitrogen  exist  in  the  culture  medium  before  its  inocu3..ion. 
Both  of  these  olasses  of  nitrogenous  substances  are  utilise*  as 
.ood  by  microarganisms.      In  the  oarly  period  of  the  oulturo.  the 
.icroerganisms  are  largely  dependent  «pon  the  preformed  simple 
„itro,onouB  constituents  presented  in  the  medium  for  the  nitrogen 
portion  of  their  food,  whether  use.    for  energy  or  for  growth, 
in  all  probability,  the  utilisation  of  a  certain  amount  of  these 
.ubstances  precedes  the  actual  formation  oX  cither.      It  is  evident 
that  both  amino  and  ammonia  compounds  are  utilised  as  well  as 
formed  by  microorganisms,  and  that  the  utilisation  and  formation 

A.  mr    i^reoeed  Binultfinoously  and  at  constantly 
of  these  conpoimds  ma^  preoeea  ti-.i".- 

changing  velocities. 


I 


^    .    w.<r,-i     ii   ia  obvi  iu8  that  dotermlnstionB  of 
With  these  facte  in  mind,  n.  is  oovi  ub 

eUh,.  Of  t.e.a  e<,.po»na..  if  mado  in  the  crl.  histor,  of  cuXtur.. 

1.  „edl.  contal.10^  pref  ,r™d  .»l«o  nnd  .r»onl.  »»rogon.  proBont 

or  incidental  value..      Inc«.e.=  i^--^^  " 

„„n.o„tratlon.  aerol,  ropro»  nt  .ho  for^tlon  of  a  greater  a.onnt 

be.n  oonB,„ned.      The  oo«ple,it,  of  thoe.  relatione  le 

increaeed       tl.  faot  .^t  the  portion  of  a.ino  nitrogen  oo.^d 

ho  taKen  either  fro»  thet  preformed  in  the  or  fro»  that 

«.,eh  haa  heen  fo«ed  h,  the  organic  itself.      .ro«  theao  relatione. 

It  followe  that  doter^inatione  «do  in  the  earl,  hietor,  of  oulturee 

„.ieh  do  not  actively  and       an  earl,  etage  aitac.  peptone  v,ith 

the  for^ti  n  of  a^no  and  .™.onia  eo»ponn...  .ill  aho.  en  actual 

deor,ae,  in  the  total  concentration  of  theoe  .uhatanoe..  such 

findings  are  not  infre,uont.      ...o  te.te  in  tho  earl,  periode  of 

oultnreo  have  >,ecn  oade  in  this  study.      However,  in  Table  :y  I 

.,e  proconted  results  ohtained  »ith  one  strain  v,hich  shced  a 

.li,ht  decrease  in  a„lno  nltroeon  ov„n  alter  1.  d.,.  incubation; 

"this  strain  did  no.  shov,  inc^aa..  in  a^no  nitrogen  until  cultures 

wore  several  weeks  olc  . ) 

I„  thJ  above  da».  .a.le  via.  tho  increases  in  a.ino  nitrogen 
the  ...hour  teats  »ust  be  consideced  as  representing  .he  difference 
het».en  the  amount  of  a.ino  nitrogen  ,hich  has  oeon  .or-d  and  » 
„hioh  ^s  been  conso.ed  in  that  period.      The  ^  probabl,  ap.Uoe 

,  ,  ,n  ..  less  extent  as  a  4ecieas.  in  the  number 
the  72-hour  values  but  to  -J  less  eitoni 

Of  ective  cells  is  evident.      .he  inereneee  obsorvc,  in  the  5-  and 
...da,  tests  ™.1«  se,«  to  have  occurred  during  a  period  in  eh 
ttl    or  n.  utili..tio»  Of  food  v,ould  ta.o  place.      .he  inet  that  the 

.„  to  bo  U  atod  »ore  clo.ol,  to  the  earlier  histon- 
>.,imionia  Increases  eeea  to  b^  il..iii..a  .  , 

the  culture  .uggeite  t»t  ammonia  production  is  .ore  striotl. 


associated  with  the  actual  growth  of  streptococci, 
-he  drawing  of  definite  conclusions  °? 

fminS  aM  Imraonia  oo.ipounds  in  peptone  oroth  cultures. 

c.  BoBSiblc  sources  rnd  methods  ox  formation 
01  amino  and  ammonia  compounds  in  peptone 
broth  cultures  of  streptococci. 

Px-om  the  nature  of  uitroG.n  distribution  in  peptone  oroth. 
it  follows  .hat  o^ino  compounds  may  arise  from  the  h^drol^sie  of 
a  number  of  compounds  of  different  nature.      Both  the  peptide  and 
protein  fractions  a.e  capable  of  yielding  amino  acids.-moreove.. 
amino  nitrogen  ma,  be  split  off  at  the  successive  stages  of  their 
cleavage.        It  has  been  shov.n  above  that,  during  certain  stages  of 
the  cultures,  the  utilization  of  amino  compounds  proceods 
Simultaneously  with  their  formation.      ^nce.  the  utilisation  of 
amino  compound  n^y  Involve  attaclce  upon  the  preformeo  amino  nitrogen, 
or  upon  that  formea  by  the  ore^ism  or  by  its  enzymes  from  any  of 
the  substrates  .hich  yield  amino  acids.      ThuB.  the  increase  in 
amino  nitrogoxr  observed  at  an.  ti.e  represents  the  difference 
between  the  amount  of  amino  compSunds  f.med  from  any  of  the 
potential  substrates  and  the  amount  of  amino  nitrogen  consumed  by 
the  microCrganism    uring  the  same  period. 

•Ih.  production  of  amino  acids  may  be  ase^uned  to  be  due  to  the 
hydrolyt.c  action  oi"  the  en.ymen  of  the  ctreptooocci .  However. 

.uostions  Which  .-re  Involved  in  th.  re^Btion  of  the  fom.ation 
ox  amino  nitrogen  to  the  actual  grcvth  and  metabol^.m  of 
streptococci  arc  una..s.ve.ed  todny.      Tho  same  is  true  of  a 
satiifactory  interpretation  oi  tho  complete  mochanism  of  its 
„iero,..ial  fermationi      It  .oes  not  seem  that  the  formation  of  amino 


acide  can  be  considered  merely  as  a  waste  product  of  microbial 
grov.th  nor  that  their  production  ia  limited  to  periods  in  which 
growth  is  taking  place.      Neither  does  it  seem  thai  their  production 
c£>n  be  eeparatea  from  t      prooeBses  involved  in  the  growth  and  life 
of  the  cellB.      However,  it  ie  probable  that  the  total  increases 
in  amino  nitrogen  may  be  considered  ae  including  at  least  two 
general  periods  of  formation,  ae  based  upOn  their  relation  to 
the  crov/th  of  the  culture.      (It  is  understood,  that  tuch  a  division 
can  bo  only  approximate.) 

A  certain  part  of  the  total  increase  probably  represents  an 
unueed  residue  of  the  total  amount  of  amino  compounds  formed  daring 
the  active  growth  of  the  culture.      It  is  onl.  reasonable  to  suppose 
that  the  living  cell  manifests  at  lo«8t  a  quantitative  selection  of 
amino  acids  from  the  colloction  proseutod  to  th  m  |by  the  sum  of 
the  hydrolytic  products  of  thiir  enzymos  and  by  those  preformed  in 
the  system).      The  increase  in  amino  nitrogen  during  the  growth  of 
the  culture  represents  this  unused  residue. a  part  of  which  possibly 
can  be  considered  as  the  portion  less  ueeirabl-:  to  the  organism, 
and  a  part  merely  ae  an  excess  production.      'Ehese  conditions  would, 
of  course,  prevail  onl;,  during   th.  period  of  growth  and  activity 
of  the  cells  themselves. 

However,  the  above  experiment  shows  that  the  production  of 
amino  compounds  is  b^^  no  me..n8  limited  to  the  period  of  growth 
as  the  concentration  of  amino  nitrogen  increases  during  the  period 
in  which  the  cells  are  dying.      The  formation  of  amino  comiDOunda 
in  this  period  may  be  regarded  as  due  to  the  more  or  lest  Incidental 
action  of  their  "proteolytic"  .n.-ymea.  who«  activity  often  pereiste 
after  the  defth  and  disintegration  of  the  cells  which  elaborated 


thorn.      Hence,  a  certain  part  of  the  total  production  of  amino 
acids  i-.  appar  ntly  due  to  the  action  of  liberated  enzymes,— more 
independent  of  the  needs  o±  the  cell  than  in  the  former  case.  In 
this  period  probably  all  of  the  amino  acids  fonnea  apoear  in  the 
total  inore  iSe  of  amino  nitrogen  in  the  Si'Stem. 

The  production  of  ammonia  by  bacteria  has  been  ascribed  to  the 
intra-cellular  deamlnization  of  nitrogenous  food  by  the  mieroflrganisms 
(Kenciall  and  Walker).      This  relation  would  indicate  that  ammonia 
formation  is  more  closely  assooiated  with  the  growth  and  actual  life 
of  the  cell  than  ia  the  production  of  amindi  compounds.      The  reaults 
obtained  In  the  above  experiment  ere  in  keeping  with  this  conception. 
Altho  It  is  probable  that  the  greater  part  ox  the  total  increase  in 
anmonia  is  inti  atel.y  aeeociated  with  the  .-netaoolism  of  the  cell, 
it  is  unfair  to  ignore  the  appearance  of  a  small  amount  of  ammonia 
as  a  possible  cleavage  product  of  the  activity  of  hydrolytio 
enzymes. 

III.  Influence  of  Tempeifiture  Upon  the  Peptol^^tic  Action  end 

Upon  Other  Life  Proeesees  of  Different  Typos  of  Streytooooci. 
The  influence  of  temperature  as  a  factor  in  the  environment  of 
lactic  acid  bacteria  has  be  n  roviov.d  in  detail  in  Part  I  of  this 
paper.      There  it  was  sho\-n  that  temperature  may  be  a  conditior.ing 
factor  of  the  rate,  the  extent,  and  at  ti,nc8.  the  direction  of 
microbial  processes.     ("Iriflu.nce  of  r^nvironment  upon  the  lactic  Acid 
Bacteria";    "Theoretical    Progress  of  luetic  Acid  Fermentf-t ion". ) 

;,ith  these  relations  in  mind,  a  study  wcs  :nade  of  the  relative 
innuonoe  of  different  temperatures  upon  the  life  proc  sses  of  the 
different  types  of  streptococci.      The  pertinence  of  ouch  a  study 


is  ti'ruotly  evident  froiu  the  sigpnificanoe  of  temperature  in  the 
systems  in  which  these  different  streptococci  are  found.  The 
cttroot  significance  of  these  tenperatures  upon  the  different  types 
of  streptococoi  will  be  ulscuseed  in  tne  interpretation  of  the 
results  of  the  present  study. 

1.  Influence  of  different  temperatures  upoa 
oraino  nitrogen  increases. 
The  influence  of  different  teinperrtures  upon  the  amino  nitrogen 
increases  effected  by  the  different  types  of  Btreptocooei  viae 
studied  hj  comparing  the  cht^nges  brought  about  oy  the  type  strains 
in  the  same  Sjstem  under  different  temperature  conditions.  The 
temperatures  of  15**,  23*^,  '61°,  nnd  41°  C,  wero  chosen  as  test 
temperature  s  . 

As  a  rough  index  of  the  influence  of  temperature  upon  the  rate 
of  peptone  solitting,  determinations  were  made  of  the  amino  nitrogen 
incr^-aees  brought  about  by  equal  inocula  after  84  hours  laoubetion  at 
different  temperatures.      Lb  a  means  of  compering  the  inlluunce  of 
temperature  upon  the  final  increase  in  peptolytic  products,  deter- 
minations were  made  of  the  final  increases  in  amino  nitrogen  after 
loader  periods  of  incubation. 

Procedure:  (Er-poriiaent  5) 

Infusion  broth,  pH  7.2,  cont  ining  0,Z,i  sodium  photphute,  w%8 
sterilised  in  100  cc.  pci-tiont:.      iJerios  of  flasks  of  medium  wero 
•  ilaced  in  constant  teiaporature  rooms  at  lb°  and  J  ;5°  C. ;  other 
t;erieB  v.eic  i  laoed  in  L:oubators  at  '^2°  a.id  41    8.,  respcctAvely . 
Tho  media  V7erj  held  over  niyht  at  thi;ee  temperaturjs  before 
inoculations  wer  made. 

;iasks  of  the  different  series  received  .qual  inocult*  of  the 
respective  str  ins,  and  V/or.   then  incubated  at  the  uesignateo  ^ 
fcmperatures.      The  2S    seri  a  varied  in  tempeiature  from  22-2  C; 
the  lb**  series,  from  14-15°  0.      IJH2-H  determinations  wer„  laade 
from  1,  5,  aad  15  day  samples.       .iei.ults  are  ^Iven  in  Table  VII. 


Table  V  II. 


Amino  Hitrogen  Increases  at  Different  Temperatures. 

Hedium:     Infusion  broth,  pH  7.£,  containing  0.2  per  cent 
sodiiun  phosphate.      Plasks  of  each  temperature  series  received 
equal  inocula  of  the  respective  strains.      Results  expressed 
below  as  mg.  HHg-U  in  100  cc. 


Human 


15^ 


23" 


31° 
4l0 


1  day 

 # 

56.4 
57.9 
55.9 


5  days' 

55,4 
65.9 
64.1 
58.2 


15  days 

55.5 
65.0 
65.4 
58.5 


Increase 
in  KHg-N. 


9.5 
9.9 
3.0 


Bovine 


15^ 


23'' 


31 


4r 


— -# 
57.0 
58.9 
58.8 


55.5 
57.5 
59.1 
60.0 


55.5 
58.7 
59.4 
60.1 


3.2 
3.9 
4.7 


Chee  se 


15" 

23° 


31^ 


41^ 


55.0 
60.0 
63.7 
63.9 


61.4 
63.0 
64.0 
64.8 


62.0 
64.3 
64.8 
65.3 


6.5 
8.8 
9.3 
9.8 


Lactic  0 
15 

23° 


41^ 


54.7 
57.8 
58.6 
57.5 


58.9 
59.1 
69.5 
58.6 


60.2 
60.6 
60.3 
58.8 


4.7 
5.1 
4.8 
3.3 


#   Hot  determined. 


The  results  given  in  Table  YII  show  the  follov.in^,  ^.oneral 
relations. 

Pc'ptonu  splitting  1j>  the  lactic  strain  procet,dQa  most  rapidly 
in  the  temperature  zone  appro:  imatine  ^0**  C.      Although  the 
greatest  rate  is  exhibit.^d  at  this  temperature,  the  final  inoroaee 
in  amino  nitrogen  ie  greatest  ut  a  somewhat  lower  temperaturo. 
The  human  and  bovine  strains  eeon  to  aplit  peptone  laoat  rapidly  at 
temperaturoe  between  '60  nrA  40°  C.      'xhe  choetie  strain,  however, 
shov.s  a  greater  rr.te  ol  incroase  at  a  temperature  of  41°  than  at 
31°  C. 

The  final  incrsace  in  amino  nitrogen  is  greatest  in  the  31° 

tost  in  the  cate  of  the  human  strain*      Significant  inoreaies 

occurred  in  the  greatest  range  of  temperatur  s  in  the  case  oi  th« 

cheese  strain,  although  the  lactic  strain  ie  relatively  more  uotive 

at  the  lower  temperatures.      At  a  temperature  of  41°  C,  the  proceB8>.8 

Involved  in  the  production  o;:'  amino  compo'ujids  arc  inhibited  to  a 

marked  degree  in  the  case  oi  th-  human  and  lactic  strains.  This 

inhibition  Lv.  exhiuited  both  in  the  rate  of  peptolysia  and  in  the 

final  increase  in  peptolytio  products.      "he  bovine  and  cheose 

5  Trains  eeem  to  exhibit  their  greatest  increase.;  in  the  41*^  tost. 

(This  phenomenon  ie  explained  in  tho  next  experiment.) 

Thii  slgnificancA  of  thuse  rulatlons  will  b^  discussed  in  the 
general  review  of  our  etuiiy  of  the  iniluence  of  tamijerature  upon 
th-j  life  procoeses  of  different  typoB  pf  stroptocecci. 

£.  Cofflijariaon  oi  '-mino  nitrogen  increases  at  37°  and  41°  C. 

The  oovine  and  oheeue  straiiis  hftd  ev.hibitod  greater  aciiuo 
nitro£:Oii  inor  aede  at  41°  tton  .at  SI  "  C,  in  ihe  above  e:perimont. 

While  it  did  not  se^-m  probshle  that  these  strains  would  be  more 


active  at  tempeiatures  eli^htl,.  above  37°  C.  than  at  the  usual 
incubation  temp.^raturo,  the  poseijillty  of  a  higher  optimum 
temperature  could  not  bo  i^rnored.      ^uch  a  temperature  relation 
v»ould  be  peculiarly  pertinent  in  tho  case  of  the  bovine  or  maetitie 
strain  ub  th(s  ucual  body  temperature  oi  cowe  is  higher  than  that 
01  hojiiane.      To  investigate  such  a  posr.ible  relation,  tho  following 
experiment  was  ooaduoted: 

Procedure:  (iixperiment  6) 

Tvio  Borios  of  flasks  of  30  co.  of  Infusion  broth  (pH  7,2  nnd 
ooutPining  0.2  per  cent  sodium  phocphate),  received  inocula  of  0.1  cc 
of  thd  human,  bovine,  and  cheese  ii trains,      ?he  series  \7ero  incubated 
at  the  temperatures  of  b7°  and  41    0.,  respootivelj .  NHg-H 
aetorminatioae  were  madi;  at  the  ond  of  7  days  incubation. 

iKifjultti  are  given  below  in  Table  VIII. 

Table  VIII. 

Comparison  of  iVmino  Nitrogen  increases  at        and  41**  0. 

Medium:     Infusion  broth,  pH  7.2,  con- 
taining 0.2  per  cent  sodium  phosphate. 
Cultures  7  days  old  at  time  of  analysis. 


Total  im^- 

N. 

Incroase 

in  Hllg-H. 

mg.  in  100 

cc. 

mg.  in 

100  cc. 

37° 

41° 

570 

41° 

Huruan 

64.5 

61.0 

9.2 

5.7 

Bovine 

&9.0 

50,6 

3.7 

3.3 

Cheoso 

64.0 

64.6 

9.5 

9.2 

Control 

55.3 

55,3 

Tho  ansiier  to  the  ^^rimary  queBtion  involved  in  this  experiment 

is  evident  in  the  results  given  in  Table  VIII.      The  total  increasee 

in  amino  .itrogen  are  less  at  410  than  at  61°  C.  in  the  case  of  all 

of  the  type  strains.        Hence,  this  temperature  is  above  the  optimum 

for  tho  cheese  and  bovino  strains.      As  in  the  pr.  ceding  experiment 

the  higher  temperature  does  not  inhibit  their  peptono  attack  to  so 

marked  a  degree  as  in  the  care  of  the  humcn  ctrain. 

It  v;ill  be  observed  in  Table  VII  that  tho  ^ovine  "train 
/e,hibited  a  greater  amino  nitrogen  increase  at  41    than  at  ^1  0.. 
while  in  Table  VIII  the  incroas*  is  greater  at  3?°  th»ii       ^1  C. 
So  explanation  of  these  relatione  i.  ooyious.    J§«  ^^-^P^f^^'^  °* 
■^7°  iG  aoparently  more  near  the  optimum  than  ig  41    C.  ihls 
hi  he^  ^eSe?SJure  depresses  the  pcptolytio  action  to  some  extent, 
aitho'  oven  at  this  temperature,  the  bovine  streptocoocuB  is  more 
acS?e  tian  ot  31«  C.  a  temperature  considerably  below  Its  ontiMum. 

It  v^ill  also  be  observed  that  in  ^^^^s  ^^^-P^^^^^^^^-J^  1^%^^* 
of  tho  human  strain  is  depressed  to  a  greater  extent  than  in  the 
^1°  to^t  roBorted  in  Table  VII.      This  depression  happens  to 
dLi^ee  ?h"  order  of  increase  rmong  the  different  types,  MOweyer, 
Xll'f^Z  ^ne?Sf temperature  innuoLe  is  i^^-^ff,o<San'Sl'" 
nrifl  Pheeae    trains  are  inhibited  to      lass  extent  at  41    than  is 
S  hSS^  stSn"!      In  th..  lollov;ine  .x,.e.i..ent  an  investigation 
Is  maSTof  one  of  the  factors  involved  in  the  determination  of 
the  activity  of  th..  huinaa  strain  at  temperatur.  s  n.ove  .7    C.  as 
a  probable  explanation  of  such  observftions. 

3.  Influence  of  size  of  inoculum  upon  amino  nitrogen 

increases  at  optimum  temperature,  and  at  temperatures 
above  the  optimum. 

In  tho  several  tests  made  of  the  amino  nitrogen  increasee 
at  -51°  C.  discrepancies  frequently  were  evident.      This  wns 
es  ecially  time  in  the  case  of  the  human  strain  (see  above 
statements).      In  a  search  for  the  fcctors  involved  in  the 
api^rently  irregular  growth  and  peptone  attack  at  this  temperature, 
te.ts  were  made  using  difierent  sizes  of  inocule.      Tests  made  at 
410  with  inocul^i  of  different  sizes  frequently  showed  evident 
differences  in  the  amount  of  growth,  even  when  inoubation  was 
continued  until  cultures  were  sterile.       Similar  .oste  made  at 


.7°  C.  .howed  no  apparent  dlxferonce.      Ihe  follov7ln6  experiment 
is  a  report  on  one  of  these  tests. 
i?rocedure:  (Kxperiment  7) 

^  M  t  A    r.nn+alnln-   0.2  per  oont  sodium  phosphate 

Infusion  broth    pH  "  ch  containing  60  cc.  of 

V7a8  used  as  thu  medium.  1 .0  c    for  12  holrt.  They 

broth,  wero  placed  in  n  vmter  a  12-hour  culture 

wore  thon  inoculated  v.ith        ,,-[°i^'^^"^nnoop?u? ;    flask  2.  two 

dtirine  th.  experiment.      .he  tests  the  surface  of 

Burface  of  the  medium  w^  s  at  leasx  -n  xn<~a. 
tte  bath. 

^37°  C.  for  the  same  period, 
given  in  OJable  IX. 

Table  IX. 

influence  of  Si.e  of  Inoculum  upon  Amino  Nitrogen  Inor.aseB 
at  optimum  Temperature  and  at  Temperatures  Above  the  Optimum, 
in  Cultures  of  the  Hw»n  Hemolytlo  Streptococcus. 

uedium:     Infusion  broth    pH  7.4.  ^!^*%J8'^«^n?8 
--'?te?fle^If?ei'f  Sirs^  d^eriUtione 
were  made  at  the  end  of  'J  days. 

Amino  Mitiogen 
me.   in  100  cc. 

/tO  37^ 

Inocula  -t-*-  t^'x  n 

Control  53.0  53.0 

1  loop  6-5.3  6"-^ 

2  loops  5''«o  „ 
0.2  CO.  56.5  62.7 


roBults  giveu  in  Tatle  IX  show  that  the  amino  n.trogen 
increase.       this  strain  o.  stroptoc  .ecus  are  severely  conditioned 
hy  the  si.c  of  the  inocuLun.  at  the  temperature  of  41°  C.  At  the 
opti^  temperature  the  final  increase  in  amino  nitrogen  does  not 
eeem  to  be  dependent  upon  the  .i.e  of  the  inoculum,    .ithin  the 
limits  tested. 

Hoports  on  the  infl««noe  ol  th..  Biz.  ot         l»o«.l»»  "P"" 
,act..lal  growth  are  £r.,aent  In  th.  lltcraturo.     mn,  of 
th,s.  are  apparently  llMte.  to  the  abiUt,  to  lalt«te  s-wth. 
ue  la  the  ease  of  Oole'B  e=^6ri™ata  .Mth  the  p«.,«oooooueS 
Studies  on  the  r6M  ol  accesBorj  food  ^uhrtancee  In  h.oterl.1 
growth  ana  nutrition  fumlah  o=ca.plea  of  .l»Uar  phenomona. 
together  with  at  leaet  a  partial  explanation  of  ^  of  the 
earlier  ohservatlonB.*     «lth  those  report,  the  present  paper 

iB  not  concerned. 

aere.  It  la  ..rel,  de.lred  to  point  out  that  at  temperatures 
aho«  the  eptLu..  the  lu^nant  c...th  of  .loro.r^ls«. 
exhibit  «ueh  greater  de.endenee  upon  the  else  ol-  the  inoc.lu.. 
ti^n  at  optl««  temperatures.      This,  ol  course.  1.  to  he 
e.peotod  hut  th«  faetors  Involve,  should  not  he  discussed  without 
e  greater  amount  of  experUnental  evidence. 

I„  u  n„,her  of  our  41=  tests,  the  InHuene.  ol  the  sUe  of 
«e  moculUM  dees  not  see.  to  ^  U.-lte    to  t..  ohlllt.  to 
l„ltlate  growth.      -e^uentl,.  s,«ll  mooula  gave  slUht  g-wth 
hut  never  apprcaoho.  the  grov^h  evident  In  test,  of  the  s.« 

i«        This  Obtained  even  vhen  cultureB 
series  with  largo  inocula.      Tnis  0Dv*i 

wero  incubatou  until  absolutely  sterile. 

♦  Perso.ua  communication  of  unpublished  wor..  by  Dr.  O.T.  Avery 


4.  influence  of  temporaturee  above  tne  optimum  .pon 
the  final  !l-ion  concentration  In  glucose  broth. 

1^  several  teste  made  in  coniunotlon  with  the  preceding 
.Kperlments.  the  aoillty  of  the  different  strains  to  gvo.  at 

C.  v,as  controlled  by  culture  in  glucose  broth.      In  one  of 
t.ese  test.  th.  pH  of  a  .luooee  broth  culture  of  the  lactic 
.tram  was  roughl.  tested  by  the  addition  of  aevral  drops  of 
.ethyl  rod.      ^Is  culture  gave  a  salmon  yellow  color,  which 
indicated  that  lower  final  H-ion  concentrations  .are  attained 
at  temperatures  above  the  optimum. 

It  seemed  desirabl.  to  study  the  influence  ox  such 

n  th^  final  H-ion  concentrations  reached  by  the 
temperatures  upon  the  finai  n 

.  ^    «  strains       l^he  roBults  obtained  would  be  of  value 
different  type  strains. 

in  the  interpretation  of  th<>  general  Influence  of  high 
temperatures  upon  the  life  processes  of  the  different 
3treptoccccl.      They  would  also  represent  a  small  contribution 
to  our  ^owledge  of  the  various  enviro^ental  factors  which  ^y 
at  times  obscure  the  specific  efieot  of  the  H-ion. 
Procedure:     (Experiment  8) 

Medium:    Glucose  of  4l°°C*.  ^"SHe^o  then 

modiuni  wer.  brought  to  a  t^^^^f  J^J"  tllttxe  of  the  respective 
Tnocula.ed  '^^h^O.^^  cc  .^of  ^a^lE-hour^  ,,.ater 

Ethi?  ^^^^^^  — 

K^lr  5  days  incubation  «l-trometric  deto...nation^^  of^th- 
■Pinal  bH  were  made  by  Dr.  ^.  41    teot  cultures 

fiSierropresont  final  values  ^^.^^^.^^tlJnB  with  oxcoptton  of 

sterlL  a.  the  t^-^^^/.^Vre'^^^SiStned  comparatively  few 
the  choeso  crtrain.       xhis  cuj.u^x 
viable  cells  by  the  plate  method. 

The  results  are  given  in  ."able  a. 


Table  X. 

Comparison  of  Final  H-Ion  Concentrations  of 
Glucose  Broth  Cultures  at  37°  and  at  41°  C. 

Jledlian:  glucose  infusion  broth.  P  H  7.4.   ,  ' ,? '  ^  °° * 

of  12-hour  cultures,  in  50  cc.  of  t^iit  medium,  oultures 
Tdavs  old;    human,  bovine,  ond  lactic  cultures  of  the  41 
coSi  Ser*  cterilc  et  tiio  time  of  pH  detex-mxnstions. 

Hun»n       Bovine       Lactic  Cheese 
41°        5.6  4.7  b.O  4.S 

37°        B.O  4,4  4.E  4,1 

■he  results  in  Table  a  are  believed  to  ^^"1^^;*^''°'' 
.ith  the  possible  --P?i°"  f  i;?,jrrer:'^  ?ile  af  tSli'fJf 

ird^prS'Sn^^^erroMers^ft  SjioSS  thes/en.,.es  of 

concentrations  at  41  ,  tnan  are  ^"'='  ""^  dose  relative 

sensitive  to  deleterious  Influences. 

If  these  figures  are  final  values,  .nd  thero  i    little  reason 
to  believe  .he,  are  not,  the  final  H-ion  concentration  rea.h.4 
in  {glucose  broth  at  tempexaLures  above  the  optimum  are 
significantly  different  than  those  obtained  at  the  usual 
incubation  temperatures.      The  difference  Is  especially  evident 
in  the  case  of  the  human  and  lactic  strains  which  throughout 
our  study  have  proven  relatively  more  susceptible  to  high 
incubation  temperatures  than  have  the  bovine  and  cheese  strains. 
oi,ere  is  nothing  surprising  in  the  a.ove  findings,  altho'  similar 
e^axmplos  in  case  of  streptococci  have  not  .een  given  in  the 
literature.      It  is  especially  interesting,  to  note  that  the 
lactic  strain  wouia  be  "methyl  red  negative"  at  this  tempexature. 


1 


The  impoitanctj  oi  the  above  results  to  the  relat  ion  of 

H-ion  concentration  co  general  uierobiology  is  as  further  evidence 

that  other  faotors  often  o  ^cnrc  the  speolfio  afxeot  of  the 

H-ion.      Recent  literature  has  offered  numbers  of  examplea  in 

support  of  Clark's  early  contention  that  the  "phytsiologionl 

constant"  conception  of  the  final  H-concentration  require s  a 

strict  definition  of  the  fermentation  eyetem. 

The  lower  "fermentation  limit"  reached  at  t-mperaturas 
above  the  optimum  rnay  be  explainer  noat  oar.ily  by  the 

,   Driving  Vorce 

Speod    K0;:is?anoe 

formula  used  by  Gotman  to  explain  the  end  points  or  final 
eSnbrS  of  catalytic  reactions.  ^  It  is  ohly  reaeonab  e  to 

b^ij^^i^^^       °'  f r  °  fir" 

cultures,  would  rlso  require,  a  lower  final  acid  it,  at  a  higher 
temperature. 

The  factors  conditioning  the  "fermentation  limit"  of 

Lactic  Acid  Fermentation".) 

'.'airly  large  inocula  were  used  in    ho  above  tests.  ^ 

ox  the  different  types  of  streptococci. 


5.  influence  of  temperature  upon  the  rate  of  growth 
and  upon  the  activity  and  viaMlity  of  different 
types  ox'  streptococci. 
The  influence  of  temi..rature  upon  the  produete  of  microbial 
activity  has  been  Btudied  in  the  precedins  experiments.  On 
..at  analysis,  the  influence  of  te.pexeture  upon  the  accumulation 
of  the  products  of  microbial  processes  is  in  many  «as.e.  at  least 
in  part,  a  reflection  of  the  influence  of  those  temperatures 
upon  the  sum  total  of  all  of  those  processes  which  are  involved 
in  the  actual  growth  of  the  colls.      The  relation,  however. 
,s  not  necessa^ily  parallel,  nor  always  direc*.      The  accumulation 
of  certain  products  is  not  due  entirely  to  the  actual  growth  of 
the  cells.  a3  v;as  suggested  by  the  results  obtained  in  -.perin^nt  3 
(01  .le  VI). 

K„r  tl«  aboTe  reasone  it        "slr.d  to  compare  the  .tract 
irniuonc.  of  diKarcnt  tom,,oiatarcB  upon  the  erowth  and 
^Itlplicctl  .a  Of  tho  different  streptococci.      It  «>a  alao 
acsirod  to  co^iare  the  .eaeral  vit,.iit,  of  oulturca  of  th. 
different  t„...  .hie.  had  ^on  incited  at  different  tempera  are. 
for  e,„al  periods  of  ti«e.      ^  continuation  oi  anoh  a  comparisan 
t,  longer  periods  of  e^posara  offered  a  means  of  oo.parin,  t« 
relative  longevity  of  the  different  types  after  e,aal  ti* 
e^oeures  to  different  te^raturea.      .he  following  experiment 
«s  oondncted  In  the  stadj  of  those  relations. 


Procedure:  (Experiment  9). 


The  experiment  has  tlie  iollowing  direct  objects: 
tl)  An  approxiiiKite  comparison  o±  the  relative  rate  of  growth  of 
the  different  types  of  streptocooel  at  different  teirperatures. 
(E)  A  coiaparison  of  tha  "general  growth  condition"  and  vitality 
of  cultures  of  oqual  age  which  have  boen  growing  at  different 
temperatuiBB;    this  extends  itself  to  a  comparison  of  the 
relative  longevity  of  thi;  different  streptocoooi  aiter  equal 
time  expoBui-es  to  different  tompei-atoreB. 
a.  (Object  I.) 

rielative  rate  of  growth  of  the  different 
streptococci  at  different  temperatures, 

2ho  Batisfaction  of  Ouject  I  required  an  apriroximatlon 
of  the  relative  rate  of  growth  in  cultures  inoao<ited  at 
different  teraperaturos.      ''he  procedure  euployed  to  meet  this 
end  j.nvoiii*d  the  eatiraation  of  the  relative  number  of  colls 
pres^jnt  in  the  various  memberB       a  series  of  broth  cultures 
which  had  ree  ived  equal  inooulA  oi  the  respective  sti-ains  and 
which  had  then  been  incubated  for  an  equal  period  of  time. 
Oaiis  set  of  conditions  sui-gested  the  use  of  the  Method  desCLibed 
as  the  "Andrrde  test"  in  the  stateiaent  of  "Methods  of  Study", 
la  the  ap  roxi-nate  comparison  of  numbers,  this  method  has  been 
limited  to  tests  made  v/ith  y  ung  cultures;    it  also  requires  that 
no  member  of  the  test  series  has  been  exiDose'   to  previous 
unfavorable  onvlronmonts.      This  set  of  conditions  will  obtain 
in  young  cultures  of  the  15°,  a.-id  32°,  members  of  the 

tem.perature  series.  It  ia  not  met,  however,  in  the  41  test 
8S  there  is  a  strong  probability  that  inocula  taken  even  from 
young  cultures  grown  at  tomoeratutes  above  the  optimum  cannot 
be  compared  with  thote  taken  from  cultures  held  at  lower  tem- 
peratures. 


b.  (Object  II.) 

Comparison  of  the  r  lative  activity  and  vitality 
of  cultures  of  tho  different  t.>pes  of  streptococci 
when  incubated  at  different  temperatures. 

The  satisfaction  of    Object  II  requires  an  approjciraation 
of  the  "general  growth  conditiion"  or  vitality  of  the  different 
cultures.      Iho  prinel^les  involveci  in  such  an  approximation 
have  been  develooed  in  the  description  o .  the  "Andr  do  tost  . 
("General  llethods  of  Study").      irorn  the  relati  ns     lBo-  ' 
in  that  place,  it  is  evident  that  the  conditions  undeilyins 


method.  .  „roduotion  of  inocula  taten  from 

The  rolativo  rate  JJ^otLon  of  t.e  rel  .bive 

these  oultur«8  -ill,^tit^iit  o  tSo V-iouB  oultures  under 
6--t^--^"^°^,r%irtB'n^ot°limfterto  the  comparison  of 
comparison.      ^®^®»  t,n+nTPP  not  above  the  optimuia.  In 

,oAb  cultures  f  ^  *°  J^^f  ^tnHr,  ?he  Je^ative  nomparison  of 
fact,  the  actual  obj.ct        ■••;^J.^^3^2^^cLitions  in  tho  eaviromionts 
the  influence  of  all      .  f^X^;';;,,irs       For  this  reason  the  use  of 
obtaining  at  "iii'^^r  nt  temperature 8.  _  approximate 

tho  above  'SSve  innuonce  of  different  tompeiaturoc 

estimatl.n  oi  the  relative  iniiueu«e  streptocooci . 

upon  the  vitality-  ol        .^"^f  ^®"L;^^'!.?4n  of  th^  relative 

Object  II  -l^^^^l^"'^!  'afffeJoS  iempeJataJea.      Tixe  above 
longevity  of  the  °^l^-^^«^^^^,J^f  ^fJest  of  the  presence  of 
method.  '12^  aitual  deter,alaation.  of  storility 

SfgeJ  mfsrrWen  as  test  inocula. 

Detailed  procedure: 

The  temperature  series  -«\Pj^f  ^roo??ef  oqiailnocul^ 
Exi.erim.nt  5;     equal  volumes  of  ^.^^i^^^/Jero  incubated 

of  the  lospective  t;ype  st^  ins^    gJS    and  4l0,  respectively. 
(Uleln:d^aTe?e°Llntained'at  the  proper  temperatures 

previous  to.  and  during  ^«  M':'i''^n?olved  in  Lhe  "iindrade  test" 

The  detailed  ™'^^iP'^l*4^?.ir°f!t,  Method.   (General  Methods 
ha,:,  been  given  in        Af^t^'^^  ?LJved^-rcm  each  member  of 
of  Stud;/).      one  cc.  f™^,^f,^"|;X„'^"?n  sterile  salt  solution; 
the  series;     the  saraplo  wig  of  the  original 

i.O  cc.  of'the  dilution  (r.pre.entin^  0.01  cc  o^^_^^ 

aaraplo)  was  introduced  .^^^^sb  tests  wore 

Of  Iterile  glucose  ^^-^^^,^3--^;^,^ l^d^  of1h3  ti.e  required 
incubated  at  ^7"  C,  '^"^^?'^?T^^i     5„b.  ^nior-      Tests  wero  ine-de 
ior  the  attainment  of  a  distinct    ink  appro:..ima- 

in  duplicate.      The  1  "^e?  *^''\p^e  b    5    and  lb  da^'  tests  V7ere 
II         roSaSaS-of  tho  sfne^^l^gro^th  condition  and 
f  ciS.^S"?S^;o.sible  .torilit.  of  cuU^^ 

1.0  CO.  ?r.r:^iS  s  ffthfois^'of  the  410 

"^^^  Sihf IWafperftd  .ith  all  of  the  cultures. 

Oho  data  obtained  are  given  oelow  in  Table  the,  axe 

Instated  in  Tables  XII  and  :  III. 


Table  XI. 


Data  Obtained  in  Experiment  9, 


Hours  Required  for  Acid  production  by  Inocula  TaJ^en 
f?om  CultSes  Incubated  at  Different  Temperatures. 

Temperature  test  series  received  «^;^-i^J"°?^J,J,?^renf  "^'^ 
^  +,-r,<.        These  cultures  were  incubated  at  cUlierenii 

of  each  tjTe.       '^^JJ^^'^ielow  represent  time  required  for 


members  of  the  above  temperature 
of  incubation. 


.^ge  of  o  23O  32°  41° 

Culture.  15  t    '  . 

days 

Lactic  Q  Si  6i  ^ 

1  ?,  Si  8  36 


15 


14i  16  18 


3  8  8^  sterile 

15 


Human  IT  10+  32  j, 

1  }l  n  ^  sterile?!^ 

3  if  lli  sterile 


5  18 


24-36  24-56  24-36 


Bovine 


1 
3 
5 
15 


13 
12i 
13 
14 


9* 
11 
13 

sterile 


Cheese 


1  . 

3 

5 

15 


6 

6 

&k 

8i 


6 
6 
7 

10 


6 
6 

i2i 


#  .01  cc.  sterile;  1  cc.  positive  ir.  sterility  test* 
made  in  glucose  broth. 


'—wtus  ,1ft         -rt^d  aa  jHBrLo  In  Sablo       oan   6  u^ed  to 

S  an  inlo.  -       ^  «ttaek  upon  aach  oi  tJ»  objeatu  of  tHo 
axperiiaont* 

^.oiittii'iat.  of  growth  of  the  diffrcnt 
Btreptoooeel  at  Ai^forant  t«^«»tttr«», 

u»  of  *1»  ewui^»tion  I* 

llmlf  d.  B**'*^ 

in  the         tort,  -a       mtwpWtoA  ^"'^'^ 
eultu^.  of  rtw#toco.ol  aro  not  oultur^a  v.ix.u  xncubatoc  et 

th«  usuiil  iixoniieaioa  ««i*oxatar«8,  tfl«r«  ^houia  be  no  iwrioo. 
objertlon  to  tho  use  of  cultax««  of  th4«  a0>  wHi**  been 
groan  at  tha  lowr  t«ns*riituJf««  ol  this  B*ri*»n, 

U  B«  «aB  tii&t  *!>•■•  f  **** 
a.proximet.  oo«^rl.on  of  tl..  ~l»tlvo  lufl««u»  of  dilfT«nt 

t^^r^tnx^s  upua  tlHi  of  growth  of  tm  *If«.rwt  tjrF. 

etxeias.      .  ItH  thin  interpret,  tton        a4^o«r  .*luee  «.po.te4 

in  2et>l«  All  aaw  restated  below. 


ZaflueMie  ©f  Different  ieop»»»ture»  Qpea  the  Ate  ef 

Growth  of  l^lfiereat  2ype«  streptocoeci. 

a*.jatlve  rate  of  grosrth  at  dl«»wat 
t^raf  ;rae    oaseA  upon  vie  eoaparative  r  »e 

frea  eulturae  vmioh  iiad  uoon  laoubated  ?.4 

hour-     r.  -n  .ei  At  ..  .•^,e--.xxir8o.     ^^^^^^  ^j^. 

It  tiK)  t^^  i>  — i,  chase 

I50,  23°,  F  hoare 

iij;ux<ja  r  ad  by 

raiiuir  u  :  4  iira. 

e4]u&l  ..LdC  do 

not  hiiv-  .  ' 
valuea  obtaija. 

iia«tio  ai  -^i^ 

.08     ♦Ot'  .10 

.OY  .li> 

.10     .17  .17 


•2ho  following  general  rolations  are  evident  in  Tatle  XII. 

'Hhe  lactic  streptococcus  exhibited  its  most  rapid  growth 
in  the  temperature  series  approximating  30°.      Its  rate  of  groT^th 
at  15**  is  relatively  greater  than  that  of  any  of  tho  other  t^-pes. 
The  human  and  oovine  strains  also  show  more  rapid  growth  at  30® 
than  at  lower  temperature..      At  41°  the  growth  of  the  huruan 
ctrain  is  inhibited  to  n  more  aarked  degree  than  is  thpt  of  the 

mastitis  strain. 

"he  figures  obtained  for  the  eheese  strain  are  of  little 
me>^nln«  in  the  airec^   iuerpratation  of  the  inil^^-fC-  of 

at  these  temperatures  did  not  r.  pioly  aiminiL,h    ft.i  tht,  a 
attainment  of  mtxlmun  grovjth. 

b.  (Objeot  II. J 

commrison  of  the  relative  rotivity  and  vitality 
o?  ?ultuJes  of  the  different  type.;  of  streptococci 
when  incubateo  at  different  temperatures. 

ror  reasons  given  above  in  the  preceding  discussion,  it  ^oems 
that  .11  or  tho  a.-  ta  preBcntcfi  in  Table  XI  oan  be  used  in 
comparing  tho  relative  influence  of  different  temper^-tures  upon 
the  general  activity  and  vitality  of  the  different  stroptooocol. 
TO  serve  as  a  means  of  more  ready  comparison  of  the  figures 
obtained,  they  are  presented  in  a  slightly  different  fom  in 
Table  XII. 

Tn  the  ef<e  of  eech  strain,  the  test  which  showed  the  most 
an^/thing  approaching  un  abt;olute  velue. 


Tn  the  Mesentation  l>elo»,  I'iSblo  XIII).  the  tompeiatttW- 


Table  ZIII. 

Helative  Activity  and  Vitality  of    Cultures  of  Afferent  Types  of 
Streptococci  Grown  at  Different  Temperatures. 


the 


Lactic 


Humaa 


Bovine 


Cheese 


text  for 
of  their 

limitation 
assignment ) 

of  values 

• 

reported 

he  low 

Age  of 
Culture • 
days 

1 

15° 
.69 

23<> 
.92 

32° 
1.00 

41° 
.69 

3 

.81 

.78 

.18  • 

♦ 

5 

.78 

.78 

.74 

15 

.44 

.39 

.25 

1 

.41 

.70 

.76 

.26 

3 

1.00 

.92 

5 

.43 

.70 

.64 



1 

.46 

.80 

.89 

.63 

3 

.47 

1.00 

.92 

.55 

5 

.46 

.92 

.83 

.43 

15 

.43 

.62 

.57 

1 

.60 

1.00 

1.00 

1.00 

3 

.80 

1.00 

1.00 

1.00 

5 

.92 

.92 

.86 

.71 

15 

.83 

.72 

.60 

.47 

The  valuM  giT«a  in  illl  show  th«  following  general 

relatlona: 

Growth  of  thu  Iftotic  strain  is  apparently  inHibited  to 
a  leUB  extent  by  lc«.-  temperatures  than  is  that  of  the  other  type 
strains.      2he  hwoaa  strain  ezhiMted  the  narrowest  range  of 
temperaturvi  for  growth. 

^  Both  the  laotic  and  the  human  streptocooci.  while  able  to 
grow  to  SOMC  extent  at  41°  C.  are  rapialy  weakened  .nd  Ulled 
after  eompa rati rely  she»*  exposure  to  that  temperature.     As  in 
previous  experiments  at  41«.  the  life  prooe..e»  of  the  eheese 
and  H«Btitis  strains  are  inhibited  to  a  less  extent. 

Ihe  resistanee  of  the  cheese  strain  at  this  temperature 
«as  strilcing  as  a  survival  of  15  days  at  die  c.  i.  a  surprising 
exhibition  for  a  hemolytic  streptooooous.      However,  this  strain 
also  proved  exceedingly  resist  nt  to  all  other  unfavorable 
environmental  conditions.      On  tho  other  ha.d,  the  relative 
resist.nae  cf  the  mastitis  strain  at  41*  is  more  interesting. 
Its  resist^nae  relative  to  the  hun^n  strain  is  eaeil.  explained 
by  assuming  the  hui^  streptococcus  to  be  in  general  .  more 

However  the  greater  resistance  of  the  mastitis 
delicate  orgaAism.      However,  e. 

4.  Tftfttia  Btrentococcus  cannot  be  explained 

strain  in  comparison  to  the  lactic  strepioo  o 

upon  a  similar  basis. 

It  was  found  that  fe  bovine  st«in^^^^ 
heating  experiinonts  °f"*Yf*^5/*^^^?j"tie  conditions  of  the 
tests  made  in  milk.  tav.  ^??^°.^^''^8titi3  strain  tuiekly 
pasteurization  proces.  .     "il  -re  not  dir  ctly 

Succumbed. )      V/hile  these  ^-^^^'^Jfi^^etUi.  stJepto coccus  ia  not 
ooai)arable.  it  is  evident  that  ^'^^ -"t^'^-Eura  to  temi^e  ■  tures 
morf  resistant  to  a  given  Pf^i'^)^  "f.^^^S  to  a  po.Libilit^  of 
above  600  c.      Such  a  relatxon  '"^iJ^^jJ^J.,        the  disinfoetiou 
dSerenoea  in  the  t^^^.^Sve^f  ^l^^nd         C.      The  .ueetion 
rates  of  these  two  strains  oexv.een  - 


1 


fui  tner  ,,n.il  »ut»l  Jut*.  "  JiriaolU  •trtlM  ■  t  «1» 

4lIt..>.nM  1-'  l»'«''TiH  "j!«„SSI;"»on  th.,  fact  »».t  thl. 

of  the  laotl<=  Bti.ln». 

.oocul.  0*  W..  '  . 

.0  UXu.t.«.  «' 

tho  typ.  .tr«l.>«  »°  «»  »<"»^»""'- 

a..       «l«e  for  t-o  "* 

♦  -«,ti«iiad  alftM  tto^  initial  luocalna  (ooop«i« 

.  Xe.«  «t«t  at  tban  at  the  higher  f  .paxatarc.  T,- 
..n  eraate,  lau^e-t.         ~-    .rai.t..t  aotUit,  o 

.ultur..  haU  at  l^a.  .e.^-^—  ^« 

.      4n  tHo  fifcu*..  anA  raquir..  r^e  iu^thar  diaeuealon.  5te 

,  taata  of  tho  hima»  and  laotia 

Wdtea  orop  in  activity  of  tt-  *1 

^  tK    v>Mu»itivlt»  of  tho»'3  ctrriaa  to 
BtrtiiM  i8  ixidioatiTtt  of  th«  iiO«8ltiiriijr 

o 

teap«ratttr«8  auoTa  37  0, 


T^elafive  ActiviTv  of  Cultures  Different 

Types  of  3tr"epTocoeci^  wKic^  Have  Be.en 
Incubated  6~  Days  c(t  Different  TemperaWes. 


elative 
1.0 

•r 

.7 
.6 

•y 

.2 
./ 

.0 — 


Rvalues  pUtlecl  telow  ?»re+,^|ce«  frornl^Ke;n((.) 


6 


31 


O  Lc^ctlC  (noh hemolytic)  • 
#  Human (hemolvT.'c). 

a  Mastitis  or  Udde  r  (hcrv.!) . 
■  C  heese  ^hetnoiYtic). 


«.  S»aM7  and  dl.oa.8iaa  ol  tk«  lafl^oace  of  t«p««t«r. 


Oie  lactic  Btruln  axhiolt.  greater  xul«tivo  a.tlrtt,  afe 

^  laotlc  .rt.*pto«oc.a»  pro4u«,«  a  Wgbax  fixml  coaemtretlon 
of  a^.o  ao«pouB4s  st  a  ta^ratux.  low«  -^-^-'^ 
6«.ft  rate  of  fo«.tlon  of  »«ino  •o.pou.de.     ^1.  i*  aot  a. 
unusual  oV8arv.tion  aa  fre.aentl,  higli«  fH^l  •»*  P«^»*« 

.ttai.e.  at  t...>exaturae  b.lo.  tl*t  at  whiah  t*.  .raate.t  v.locit. 

i.  aiBplayad.      (SCO  -Theorotioal  Pro«r..s  of  Laetio  Hoid 

Fwalfctioii-  -  ?art  I  of  tHie  pa,«r). 

41«  C.  .JM.  paptone  .pliUiitg  pov.a..  of  the  bcina  and 
d^ceso  etxuLns  .ra  in^Mt^  to  a  la^a  e.tent  tl^  ar.  t^a. 

of  the  lactic  and  the  hnman  atrsino. 

3Bflaaag&  am  ifc^  o^nea^tratfoa. 

i.t  41*  C.  lo^er  flr*l  true  aol.iti.a  «re  roachad  in  gl«.o.a 
l,roth  )»,  the  diffroat  typ.  .train.  t»ian  at  .7*,     A.  la  th. 
easa  of  th.  -Ino  aitragan  prodaction.  ti.  InhlMtion  of  tl- 
oo.i^  «^  c^a..  atram.  ie  r«latlvel,  laan  t^^  tl-.t  of  tb. 
kpioa  aad  laotlo  typee. 

^uch  t..  ^^^^  i-^^---       temparaturo  upon  th.  rat. 

grct.  a«  upon  the  rata  of  a.ino  production.     ^  ^^^^ 

i«  »«tivlt«  is  lae:  a-  lower  teaparaturaB 
be  e:pacte4»  the  decreaee  la  activity  16  la 

nh.  oM.  of  all  Btraina.     aw  bovlaa 
thaa  at  hi^  teaparatureB  in  tha  eaaa  ox  a^* 


5H[CTIln«  uot  oalff  «rc«>  mora  a«tiT.ly  at  41«  tl*a  4o  tk. 
otiuor  ti'p^B,  out  alco  dere^e  In  activity  l^ee  rapWX,  at  thlB 
nyeratuxe* 

in  the  caao  of  tiia  bovine  strata,  it  doao  not  8««  that 
ItB  «latlva  raelBta.00  to  tl.le  te«,a«tar.  Is  du.  to  aa  lntrl«ala 
r^eictrnxeo  to  cii3lnfeotion      ho.t.      It  eoema  «ora  probable 
th^t  41«  aarel,  repr.Ba.f  a  point  «ax.r  tl^  opti««»  f«i-.«ture 
of  tiio  l»orl«  than  6/  tha  laotlo  «txaia.  ratoor  '.a^u  that  tiu. 
l^ovi.^  otre.toaocoac  la  ««e  r^elatoat  to  a  Period  o£ 

axpoi'ttre  to  higi  teaparataraa. 

^^e  practiaal  signiXioano.  of  tl«»Bo  ta»parstara  ralatioaa 
ooaalct.  in  ti«  relation  of  f  «pa«.turo  to  tH-  dat.«l^t*«.  of 
tl..  rolatlv.  ««l»ar  of  dlff^ront  t.p«.  of  .tr.|>too.H,oi  praseat 
in  .n.  «1U  prodaot.  i«.ld  at  dif.^roat  t...poratur«a.  ^ 

aM  ^aatltia  atxal^a  KU.  adoitlcn  to  t..  .afo«  -entloaad 
tnfiusnoa  of  U-ion  ccna^-atratiou  )j.ould  .  outgrown  la  rail,  hold 
at  10.  ta ujaraturua  by  the  laetlo.ohaose  Btralna. 

it  la  alao     Id.nt  tluxt  both  th.  cl.o.e.        l».tlo  etnM- 
aould  attack  th.  nltroeonoua  co..otltucr.t.  of  oho.eo  at  loa 
tempers tnra. 

lY.  influanca  of  Oxygon  Oonoantration  npo«  Ai^o  Iltrofoa 
Ins raaaa&a 


^  1  poxtaa*.  of  oxUntlon  p«>o**.e.  "  •  obtalnla* 
ea^rg.  for  mlorobial  growth  1*0  aleo  .^au  . l.oa.B«d  la  detail  In 
pert  I.     Cui^ialaal  CbaB«a»  Evolved       Laatlo  A«ld  l*m»tatloa«. 
-rsnafor-ation  of  ^r«?-. )  e^-^l  aigalft--^  of  « 

invoatigatloa  of  the  Influx  of  c«,gaa  ooao«rt«tl«  apo-  th. 
actlvit,  ot  the  aiff r.at  types  of  atroptoooeci  ia  B7ideat  h,  a 
review  of  those  dlaeueeloaa. 

dlreet  slfeulf ia*«oe  of  a  eomparleon  of  the  iafl«e~. 
of  different  oxygen  concentrations  apon  the  peptone  attaeJc  of  the 
aiffereat  rtreptooooel.  lie.  lo  the  faot  thnt  theae  different 
t.r^B       atreptoaocci  frequently  «re  foaad  at  different  ti^.  i« 
B  et«=«  of  wUoly  different  <^7e^  ooneentrationa.     She  *hu«e«- 
^  -hoTlne-  atreptocceei  are  ec.»«o.ljr  fe«»c  la  the  a.i«.l  ^ 
«4.r  condition..  pCB.ihl,  differing  ia  o^gen  eo-contratlon. 
I^tic  Btre.tocoeci  are  alao  fbund  aader  .Ide  ran^^e  of  ox,g« 
^ntrutiSn.     The  ooncontrotion  of  oxygen  i.  ^It  la  rapi«^ 
.l^ing  duxin.  aiero.^1  growth,  and  .a  «.^U* 
.p  .oechce  a  »ini««.      la  ohaeae  .nd  othar  a.«ta«  ia  which  the 
l^tic  .reap  are  involrac,  the  aonc.nt,-ation  of  an.a«  •^'^ 
he  a  factor  In  dete^.lni»e  the  mte.  th.  extent,  or  posUhl,  the 
airecti  n  of  the  .ro«eht  ahout  h,  lactic  aeid  .^cteria. 

Vt^  U^rte^  of  all  of  the«.  relatione  peiated  to  the 
pertinence  of  the  atod,  of  the  relation  of  cona^t.ation 
to  the  peptone  attaeh  of  th«  diffe.  nt  t.nca  of  atre.tococci. 

inv.sti|^.tion  of  tKe.e  relation,  eonai^te*       the  cc^^Uon 


*p.rao&al  coEKsaniaation. 


of  *k«  ««l*o  aitrogaa  la««*»«» 

too  •wi,  6^*"*  ^  •iP'imtam  diwrxng 

'vQ<J«aaira:    ( Kxtjsrlnant  10). 

eccese  cf  o.-^j^6«n.      f»«f |S"v  aL»ll««  «»»»t«M  at  a 
lr?lf  oSoflvor.=oeV  %l..TB^r.l  ol  a.^g«a  an*  ot  the 

..tailoa  procedure;  J^cc.  ot  Jafueioa 
eterllle^  in  tha  tubes  o;"^^^!*  f       cent  etcrile  solution  of 

lacthylono  clue  waa  f°  °°  -^L  tuooa  ami  ahcek  «or.  pl»«.«*^. 

ou  tha  ar^orobio  ^^Ko    uatil  4auoloriv.etlo.  oi  th# 

•4eorindla-ite<l  that  tHe  "^^^il^^^^f  '^arStilrf .  and  the  nedlw 

raani^  water  to  solid  if i  thd  '^^^'ft^.^i,  tolM  r«aaia«<i 
d«eolcrl«e«  durii^f?  tto»  time  '^^,^,11^10  saoantB  of  oi.,&oa  did 
Tb^riSbS-ta^^^io?  I  S^ax.  .t  .V*       t.  en.ur« 

_ji  »«  -khft  aaM  of  the  aerobic  eerie** 

£»  tile      j"^-?  f?'!trL:s^i!ii  « 

tiAf-i:a  »»c  L-abJoetac.  to  the  MM 

tue  two  B«rla«  reeelvea  eH'w*  eapll'ary 
ajaMroble  Mxieo  were  ^-.ocuietaa  .    ^        ^^^^  other 


Table  XV. 


I.nue„oe  of  0.,.en  Concent.  , tie.  upon  Increases  in  A.lno  .at,o«en. 

u  7  Anaerobic  conditions  were 

Meaium:     Infasion  broth,        J-Jr        g  ^       ^Id.  at  time  of 

fnlf/sts!^  "Liru^'^^e^Sj^^sscfirS!    ^^-^  per  XOO  cc. 


Aerobic 


Total 
jjaetie  55.8 
Human  60.8 
Bovine  55.6 
Cheese  60.6 
Control  51.0 


Increases 
4.8 
9.8 
4.6 
9.6 


Anaerobic 
Total  Increa.es 


56.2 
60.7 
55.8 
60.1 
51.0 


5.2 
9.7 
4.8 
9.1 


results  .Iven  In  Ta.le  XV  snov,  tnat  tne  i.«»an.  .ovine, 
ana  lactio  strain.  »e,e  not  .reati,  inflnencee       tne  concentra- 
tions  oi  o..se„  teste,  in  tne  a.ove  e.p«i«nt.      ..is  is  ,u.te 

fhf  nsual  assumption  that  most  streptococci 
in  accordance  vdtii  the  usuax  ttt^oum^ 

are  .facuitative  anaerches".      The  cheese  strain  alone  appears 


ttB  SJawra  bj  the  i'oroEOlne  i^tudy. 
Tto  oxporlaenta  jaet  roport«a  off.r  «  mean,  of  cJ»oo8l»6  tl» 
envlroianeatal  conditlone  «»d«  which  tc  conduct  the  capp*rle«  ol 
the  peptolitlc  ..ctiTlt,  of  tho  diffroct  t,p.B  o*  8t«pf«coal 

t,«  coMltion.  Howa  c«  «»ar.s.nU««  optl-al  co^^eition.  for  th« 
different  straptocowl. 

a^ioa  eonceiitratica  zen««» 

Lactl*  ai»d  efceee©  stiains  -  pH  6.5 
.^oTiM  an*  hUBBB  etJWlaa  -  pH  7.6 

Ottftr  Btwiaia  •  37*  C« 
OtyffMi  Coao^ntifttlon* 

soaerobio  oultur.8  of  th.  different  rtrcptoooacl. 
.or  purpoao       ooxiTe^lono*  aercbU  »ulvu«*  -ill 
used  ia  fie««loa  ^« 
T^.o  oaaditiona  ^iH  be  •al-taii.ud  U  ti.*,  inv  ettgtitioa 
repertwi  in  S»ctioa  ». 


11. 


section  B» 


I.  pnsllmliiMI  f.»«it«««il«». 
1.  Eclatlon  to  »»e«ltoe 

Soon  0*  »>"  .„™id, 

.  «t.u  oontri^tlon  xo  o«  .-o-.-a^ 

at  croopB  <n;  »tr.ptoooeol.     At  tM 

^  o«.r  .  =1  .1^'  "»» 

«„„«t  0'  t^  —         -  «r.v.oo.c..  « - 

„.<^.-  ^  Pr.«.t  er,upU«  t«»  ..I,-.— 


„e  condi.l=»«.  to  >m  o.t.a,       tt.  — ot«r 

that  tH.  .r-        «-  1 

to  tWt  fttxalrt**  l»  «"  utrrfMtlon. 

».  ».«-l,tl~>-  oi  srow-  ■«»»  •»»""  •""**' 
7MtU  £ro«p: 

r~f  thee*  St  reins  would  prototoly  ae  ^%   Ty^  Q)  «e«e  IB  ell  ^ 
mctTcS^  group.   ,  Plv^  «i^^';t,ir»^tlSn  oi  UIs  g5oup.  lb. 

»,,r.t«ntr  s  MBoUtl"  f'T-i  wStS  rti«pto«Mtl.     (strain  "* 
Jjjons.  «  l.oor.tor,  .-U.-t.)  ^    ^^^^^  ^^^^^^ 

first  '°«°«-»:J,fiStr^'"-*'^S^"^  ^iHi 

large  iMtlu  ^rar«p« 


lo'^O.  la  glaeow  broth* 

BBBolytlo  sro«J»  ^ 

.^e  f.ro^  U  rctr^««ta«  ^  t£^?::«JtS'lt«i'^S;^  * 

^^Se  not      ^:;,j?p;LfS   S^up  *y  n  Jr^^pf 

EBS:  rt-n  lU'Vo^  ^r,.^rt  111. 


in  pert  II 


1% 


n.  <Wrl.<«  01  "-t  »""^ 

the  lartt©  eroop.     I*  " 

itx  thos,  effected       otfe^r  typo*  of  .trept-o..! 

.  tl.  ^teboli-  ol  altfr-t  lactic  streptococci.  of 
^  ,t  tl..  ,^teboli»  ^^^^  ^^^^^^^ 

eoparlae  the  produot»  aoctnmlatod  in 

tyBCB  of  Btreptococci.  ^ti-. 

1.  ivotlis  of  a  pH  vaiac  appro?  i^attai 
Cha  taate  hrw  *awi  mc4a  la  wotw  oi  f 

««ro«eata  a  »-ia»  aoaawtt^^o^  .one 

^«  ^.«a.ic  to  t..  lacti.  .u.  cac.ac 

«a.titic  atrai.-       Opti«.  t.«p...t-  co^itica  -r. 
■iUrtainad  tor  tike  »ario«8 

ProoeAttioi  hosi>hata, 

iSi'^S;  iSoS^Jti  l«aax.  and  J^^JJiitiKjut  b^^-'^T'^'-  ^tf'^'t 
**a*. lin  J^Zmmti  otroin.  J^"™  «Mr..  inou.>£\te>- _ - 1 


siTui'-is^--- i^^  r^itJo^a. 

other  t.^.f  Sis  W  JHe  r-uSftioa.  — 
dotazmlaationa  were  made  a«ai  a*  j» 


vtMm  XVI. 


Ik  Aa;»s  oXu  lit  tAi.  '^•''^ 


iBetlo  BtralttS 

I  I  »  " 
•         «       «  - 

aoR-iieaolytio  «our 


M 

W 


X  " 
8  " 
8  " 
4 
6 

6 

7 

8 

 ctraltt 


a** 

60.7 

6i.O 

^•0 

61.7 
uO.4 
61.0 

60.7 
67.6 


16.4 

1<>»7 


11.6 
IV. I 


Oentrol 


17.0 

17.4 
10.0 
6.7 


IB  B  a^-a 

4*3 
4^ 
6.» 
4.7 

6.0 

e.s 

1.U 

4.4 

4.1 

4.e 

.1 
t>.l 

4.8 
4,1 

§•7 

lo.a 


old  ealtur*  ot  bbbb  mtxnin  1» 

gave  increase  of  0.9  mg.  MH^.-N. 


7.7 

ft.4 
7.4 


V«0 

8.3 

US 


Isroth 


th0  reaults  given  In  Sable  X7I  slMm  th.  «oll«ln£ 
n„l.tlon.  in  the  amount  of  «»l«o  .  na  "«>«W  »<«'f'»" 

...      p«  i«» 

^,  «.  ..0  ^.  ^  !»  -  «^"'»"«» 

«u...  i™  ^  — ^.  *•  " 

^.,0...  eXi,««  — «•  T. 

Tbe  oomol^tlo  aaotltia  strata  Mwre 

«i.lbited  by  the  laetLo  0our  milk  gro«p.      on  tlw 


l»«ti«  group.      it  •»«  «.tltl. 

aaA  ]HBBan  atrslBB* 

of  the  aMe  •  ** 


......   tuui  ffM  tMlx  tn<or»»0"»  l»  trnMU. 

z  r  rr::  — 

of  oomparlne  the  «alno  aitroeea  U«re.»cS  ««i 
ap.ra.i«at«.  ti^t  of  blood,  an.  of  u«*X 

^.  „,„«at.  ^  ^  ^^^^^  „ 


n.t.i»a  and  i-VIli* 


Iftble  XVII. 


Amino    Hltrogen  Inoreases  by  Streptoooool  from  Different  Souroee. 

UediuB'  InfuBion  broth,  pH  7.2,  containing  0.2  per 
cent  rodlma  phosphate.  Cultures  incubated  ten  daje 
at  37®  C.  before  analyels.      KeeultB  glTen  as  mg.  /lOO  oa. 


Strain 

S23 

S126 

S7E 

S56 

S67 

S271 

QS 

SS2 

S84 

SB73 

370 

VX 
VB 
0B9 

CB7 
069 
067 
C69 
1126 


0 
X 

MAIS 


Source 


Throat 
hroat, 
xhroat, 
Sputvim, 


lobar  pneumonia 
lobar  pneumonia 

 ^  broncho  pneumonia 

Blood, 'broncho  pneumonia 

Septioemia 
Lung  autopey,  broncho  pneumonia 
Lung  autopsy,  broncho  pneumonia 
Pleural  fluid 
Scarlet  fever 


UAder 
Udder 
Hast it 18 
liaatitis 
Uaetitia 
Maatitia 
Uastitia 
MaatitlB 


( non>hemolytlo ) 
n 

(hemolytie) 
UhMse  (hemolytic) 


Sour  milk 
Sour  milk 
Sour  milk 


Oontrol 


Amino 

Hitrofen 

Total 

Increaee 

59.2 

7.6 

61.3 

9.6 

61.1 

9.4 

09.0 

7  a 

60.6 

8.9 

6E.7 

n  .0 

58.3 

6.6 

60.  t 

9.2 

69.8 

8.1 

61.5 

9.8 

59.7 

8.0 

66.4 

4.7 

57.0 

5.3 

57.4 

6.7 

58. e 

6.6 

6b. 8 

4.1 

57.6 

5.9 

57.4 

5.7 

58.3 

6.6 

6L.7 

4.0 

56.2 

4.6 

69.7 

8.0 

60.6 

8.9 

51.7 

■lamolytle 
M»«titi8  or  Udd«r  Stralni 


VI 

4.7 

VB 

6.9 

059 

5.7 

057 

6.5 

C59 

4.1 

067 

5.9 

069 

5.7 

U26 

6.6 

HanAn 

StxAlnB 

7.6 

31E5 

9.8 

37£ 

9.4 

355 

7.8 

367 

8.9 

8271 

11.0 

S3 

6.6 

sss 

9.S 

SM 

8.1 

8E78 

9.8 

370 

8.0 

Mon-liemolytlc  L»«ti« 
or  Sour  Milk  Strain*. 


4*« 
4«« 


Hfimolytio 
Sour  MlUt  StralB 

i  8.0 

Hemolytla 
CheeB*  StralB 


VMM 


8.9 


....  to  .oT.r  .  "  " 

—  ak<M  by  the  sour  allk  or  laatl« 

gromp  m  tl»  pH  6.6  cone. 

«oU..tloa  IS  .0  U..  t«a  ."••»«^  *» 

„a.o.  to  t«t  .  ^«4,  Of  .  l.r.or  n^r  .f  rtr.-!..  of 

.ot.  twos  .isW  not  r.«.a  »  =o..ld.r.«.  ov.rl.„in*  of  t« 
„.go  of  0=1=0  "Id  pr.d„.tlon  =f  tM  »« 

U  tho  h  »oXstU  sour  -iU  .tr.ln  U  to   «  »on.id.»..  . 

»  u  .1.. 

group  oi  h^oolytlo  •he.M  8treptooo«cl. 
evidMit  in  -i6«"r« 


Lactic 


(KeWoiYttc) 


AW\\^n  ^('ltrQ^en  lUcreAs^A       P^^^^^^"^  T^y^^       Streptccocc  ; 


i 

e 


e  op  eo  o  G 


DD  □ 


W 


:i:TJZi:t 


^ — ^- 


■i^il-r^t-j-frir- 


y<3  : 


7 


KEUFFCI.  A  ESSER  CO  ,  NCW  YORK  NO.  334D. 


Activity  of  ^Ulereat  2jP«i  of  StW»t««««l- 


.    -      iMAtio  or  aaa-Huift^^.       «»*^  •twin*. 


h.«i,ti.  .«.titi.  ..»u..  — »— »*«^''   

— 

^  ««^" 
....       «.  ^H.-*-""  "   -  - 

<^        -.10*.  f.*to«        fox««  -^oh 


-  into  tht  fcytirolyelB  8>8t«  iW«lx. 

^  efbility  of  tl-  activity  in 

......  «x       avt^-nt  ^  -  '-•^  " 

In  their  urot'UotB  i» 

«^o«:l  -ouia  ^^^^^^  ^^^^^  ^ 

w  thftt  auui  of  tM  BtwiM  wtiiea 

*     vn-tih  in  brotfc  caivarB,  glv* 

laorsOBBB  ifl  s«io3  nitrogoii 


frwlne  lactlo  aad  bOTlae  stisiaa. 
'       ^  .elation  Of  .lalntegretlou  of  colle  an*  .««^-t 

triVk  the  ana  .train*. 

...     ^  --^     •  -  ^"""^'•^ 


n»  relatiT*  laflaoaM  of  enviromuntbl  eoaAltiosa  «M 
lnTestl&at«4t  for  tix«  parpoM  of  •atabliskiac  %hm  Aytiimn  MaAitlMW 
for  th»  peptolytie  aetioa  of  difforeat  typoo  of  eireptoeoeci* 
Ae  an  index  of  the  euooosBllil  oporatioa  of  thm  p«9tol^ti«  pr«e««8ea, 
MMozec^nts  ««rc  cAdo  of  tho  r«tXntivo  ojoowito  of  uiULjm  oad  nMniMla 
oitrogon  wMch  wore  fometi  by  the  dlfforeat  Btz«|>toooeei  ebon 
gzvwine  la  Alfferea^  nmi  mntiontBt 

?he  reealta  of  tkie  eoetioa  of  tbe  eiudy  voro  oaaA  aa  a  aaaaa 
of  BtCLadare^^jif  tbe  ayietoma  to  ba  «aa4  far  tbo  lavoatifliiition  la 
Saatioa  B.  of  tho  jpoptolytle  aetioa  of  a  auabor  of  atroiaa  of  tha 
diffOrent  typoa* 

In  addition  to  tbo  stnadardisetlon  oz  %h»  optioon  eoadltloaa 
for  tb    iav«Btlgati(ai  prnTsaed  la  seotlen  B.  tho  reaalte  of  thla 
atndy  yioluod  tho  followli^  aaoBarisotl  fbeta  or  iadapoadaat 
iatoroet  nad  1  iportanoo* 

!•    flM  prodootion  of  aalno  ooayinada  in  broth  esltozaa  of 
vtrcptooocei  eoraa  to  ooatlnao  boyaad  tb«  p4a'lod  of  /L^owth  of 
tha  uulture.     Si£/]i.fl(;axit  inoruasoa  oeoar,  o^«cl«ll^  vith  tba 
JMBwa  BtZftlo.  i^ftor  tha  o  saatiou  of  growth  t^aH  dorlag  tha  poriod 
af  iaath  of  the  oolla* 

2.    A  greatar  portion  of  tho  totul  iocrw&ae  in  oanoala  oaoura 
earlier  in  th«  histor^r  of  tho  oaltar'3  tbrn  in  the  eaao  of  tho  aatao 
aeid  iaerwBOB.       hie  oay  i&iIiot>te  that  aaaaoala  prodaatloa  la 
agaaclatad  won  atrlotl^  vith  tho  growth  and  active  life  of 


.,«4  aoTlao  •trolnc  oUilt.lt»    an  optlJM 


.t»ln.  s«=  to  ,«f=r  a  PH  <i-0  »»  7.0.     T«  «tl« 

,1  «»  for  «»»  '«"°*  "  ""^ 

...^o.  the  sre..ert  a.i.o  nltrcee.  Incro^.  for  i«  «.s.ctl« 

4     Tt-  .Milt,  ot  tho  oh.e»  »•  'H"  »«"'- 

UiUUo.  M  >  1...  »5  -'■'»  -=•■'-»»»""• 

».    IB  orotl.  of  ,H  4.5,  tto  l.p.  ««»1=>» 
foU^U.  .r..r  of  soia-tol^  no...  -.t". 

.l,info.«.t  aotlon  Of  t...  .on«..«ti«. 
^  .ouU  f.n«.  »  "'^"t  " 

to  tlw  MYlm.  end  l»o»io  »tIHino. 

^„UX  ^,nc,n.«U         fo,  aU..^n«  of 


^  ^Xo  Of  ^ro-tl.  of  tho  «.tlo  .t«pto.o«.«.  I.  "»^- 
«  .  X..0  ..t„nt      I«  " 

^t-Bt  rat*  ot  ealno  aeld  production  tnkM 
tta»t  at  «hlok  tive  greetast  r»t«  oi  ^ 

placa* 


#•    7taqpMratartt8  somwbat  Qbore  tlxe  optiaam  inrg  affoot  tlm 
final  I*lea  •oiuMatxatloQ  of  ffiMomm  brotk  oulturss  of 
8troptoooe«l« 

10»    Tiia  lif«  pjrooa8.>es  of  the  tk»oa9  aat  boviiu  stMlns 
ayu  lahibltAd  to  a  lee£  est«at  liy  a  teopsratave  of  41*  tlMU)  «M 
tlioM  ji  th';  lactic  i^uid  lusaan  strcine*      This  is  avlddat  tiM 
sate  of  growth,  tha  aatlTltjr  of  coptoau  att&aic,  tiM  final 
a-ion  oonoentration,  c^od  th»  loogerity  of  toltuMa  of  tha 
diffarent  strains,  nhan  Inoub&ted  at  this  tsmpexature, 

11,    At  £  tor^porsturo  of  ''I*  the  final  caino  altrogoa  inoraaaa* 
th<3  hoQol^tio  buioaa  etreptoooecas  vara  eoodLtlonad  b;  tiia  aiaa 
of  tiia  Inocrulua.     At  37*,  the  saaa  llrjLta  of  also  of  iaociulua 

apparently  without  affect  apoa  tho  total  produetlon  of  aaia* 
a«i4a« 

lr«    Wltb  tbu  axeeptioa  of  titu  oiMaaa  atrcia,  all  of  tha 
tff  Etraios  provad  aolo  to  attack  jMptono  nm  aaaoasafttllf  MiT 
low  oxygen  concootratiooe       undar  aoro'oiu  coaditioaa. 

13,  The  etody  of  tiie  iaflneace  of  .snvl- ona-ntal  eondltlona 
wfVk  tha  diifaront  t^iws  of  atraptoeoaci  praeantc  raaulta  hl^ 
iadiaata  that  tha  laotie  nnd  cha  »a  t^oaa  ara  battar  flttud  to 
•RurTl-va  the  eondltlona  aztant  in  fre  b  milk,  rxtc  ia  milk  and  ailk 
pro<^not0  at  later  periods  of  its  b^ndllaga 

14.  Tbo  ehaeee  etrain,  b;  Teaaon  of  its  vtrilcing  raalet^BM 
to  hl^h  aelditlaa  cad  to  long  espoenraB  to  anft>Torallo  envlronBonta* 
ia  peeullarly  aaapte'  to  the  atrotglc  for  e::latano«  in  the  Biarobial 
bAlaaoa  of  milk  proancta.      'jnneaa  relatioas  majr  explain  Ita 
i4q^rasaa  in  o^parat  =  vel^r  large  Bntbars  in  oartaln  deirjr  praAsata, 
eTen  though  it  r-aro  ialtlsll^  praaant  ia  selftiTcXy  amall  nmbara. 


Section  B« 

ot  dlli«reut  type*  of  .traytooeci  wJ».n  growing  1«  P  Pt««  to«tli 
^  th.  ooTlroi«*nt.l  coMitlon.  .atablLh^d  as  optl.««i  lor  th. 
4l£f.r««t  .tro.tocoeol  In  Seotlon  3.     Tk»  peptol^vtlc  artloa  of 
t,«,  l»atio  .rA  c*--  -tralos  w.re  stu  i«4  at  .l*^  0.  In  .  pH  .on. 
apprclxcafli  th.t  oi  £r.-i  milk;    1^  peptol^^io  •etion  of  tl« 
,««ol,Uo  I^M  ^  'Hrrl.e  »U*laa  ^Ml.u  a*  ST*  C,  In  a 

^  .0-.  ^pr^d-nf  1.  of  .l<«d  and  of  the  usual  ua«t. rlulogi-l 

flIft&lfU 

Tto  «»«.lte  oWaUie*=  r:^S  1«  i«u«*rt«»d  M  follow. 

IS.    sroth  cultur.  8  of  non-h.mol.tic  lactic,  homoljtio  baam. 
aM  he»ol.tlc  ....titt.  streptocccol  con.I..n,.lo  variation 

1.  the  lnor«s«..  In  ««lno  a,.d  a^noni.  nltra.cn  off.ctca  W  dlffr.«% 

Btxalna  of  the  •8««  tyi^. 

Ifi.    The.  mcroa..*  In  «alno  uLtro«  n  e^lbltec       th.  ul^ht 
,^l,tie  »>..titi«  «t«.ina  m  broth  of  mitUl  pH  oo.^r^ 
.pp««l^f  I,  th«  ^  --.^  - 

,.«,l,tla  .our  «Llk  or  lactic  etx.ln.  1-  ^oth  of  laltlal  pH 

AaT.n  h  -ol^tlc  ho^rr.  .Ir^lnfi  produ^d  larger 
m  cmlno  nitrogen  than  dlu  the  h»aoijrsi.o 

lactic  ct»ln«»   


I  wish  to  '^^-proea  nsy  npnreoietiLon  uu&  lxuim!ii*tiiat:u&  to 

To  IiT.  Ohsrles  B*  Surehsll,  Xvr  ..ij  .iii,«roRt,  advies, 
h>.lpfal  eritioiaoL  tiurosgboat  tht  static;    ta  Tira*  0.  I.  , 
8l£nr.  j:.  Callen»  ond  i:;onald  a»  Vae  b2jic«,  oi  thu  Boeplta.!  of 
titte  K3eJciai'ell«r  luBtltate,  for  isMj  valuable  euc£*i«tioae  aoA 
sdvleo;    to  Dr.  ^.  Itbxio,  fov  ki«  oritioltBs  o;.  thi;  work  uUI  for 
•l«etiost3trl«  detarsinfctioafi  of  tiki  ^-icn  eotuec<nti«tloi:i  of 
Mrtiila  teste  aat  Xor  tb»  «l<^-utroa«trl«  stsndprAlB&tlcu  of 
to«l'f«i'  aUxture*  ior  ooloxiidotrle  dct«i%J^u:tio/iB;    to  lir«  Ro; 
e.  AYur^ .  fox-  vJk  OA4i8iaut  stiouldtioa  o;£  alo  int«rr»st  i.n  the 
vexk  sitA  i'or  several  V6luftbl«  ^^ii^t^stxoAd* 


Awry,  J.  -»  Bad. 

ATer.  ..  -t»  v..  i        aaot.  •    ^'sls,  i^i-  —  ^• 

dark  tjjd  Lutoi  J.  3Mt.  IX,  1- 

Derxiu.  1916.  J.  ^iol-  Ch^^a.  xm.  179. 
.ocixa..  0.  I.  .^v.r,.  u«4  I^^ei^ia  1.19.       ^-  M-- 
len^l  and  -ialwr  1^1«.  J.  mfoct.  ^. 
poster  i<J£l.  J.  3=^ot.  VI,  ISl,  211. 
^toa  and  OUt«^  1S21.  J. 

9.t>^^  ivia.  -optima-  Of  m.o«ti..l  Ci..^str;r-  (3.  ).  p.  "  - 
mno  1S16.  ^asE.  ^sr.  3ta.  a«ll.  1^6. 

Sonea  1»£1. 

nil:  ^:  fiSi:  -iiiinio,. 

7117.    Ar-ch.  l"t.  Med.xix,J-«.. 

.  n  1Q1A    J.  Biol*  Oaaa.  JtI2-« 

.1^^.  vi^.  ri^  .illoixar.  ana  1^>«.  ^-.f  <»^-  ^ 


